611  09 


IS  II 


HISTOLOGY 


By  the  same  Author. 


DIRECTIONS  FOR  CLASS  WORK  IN 
PRACTICAL  PHYSIOLOGY: 

Elementary  Physiology  of  Muscle  and  Nerve  and  of 
the  Vascular  and  Nervous  Systems. 

LONDON:   LONGMANS,  GREEN  &  CO. 


A  COURSE  OF  PRACTICAL  HISTOLOGY, 

Containing  plain  directions  for  individual 
work  in  Histology. 

LONDON:   SMITH,  ELDER  &  CO. 


A  TEXT-BOOK  OF  PHYSIOLOGY  FOR 
ADVANCED  STUDENTS. 

BY  BRITISH  AUTHORS. 

Edited  by  E.  A.  Schafer,  F.R.S. 
In  two  volumes. 
EDINBURGH  AND  LONDON:   YOUNG  J.  PENTLAND. 


THE  ESSENTIALS' BR'^R^/ 


P  LL^ 


e 


J  I         •  OF 


H  Ire  T  0  L  0  G  Y 


DESCRIPTIVE  AND  PRACTICAL 


FOB   THE    USE   OF  STUDENTS 


BY 


E.  A.  SCHAFER,  M.D.,  Sc.D.,  LL.D.,  F.R.S. 

PROFESSOR  OP  PHYSIOLOGY  IN  THE  UNIVERSITY  OF  EDINBURGH 
FORMERLY  JODRELL  PROFESSOR  OF  PHYSIOLOGY  IN  UNIVERSITY  COLLEGE,  LONDON 


EIGHTH  EDITION 


LONGMANS,    GREEN,    AND  CO. 

39  PATERNOSTER  ROW,  LONDON 
BOMBAY   AND  CALCUTTA 
1910 


All  rights  reserved 


BIBLIOGRAPHICAL  NOTE 

First  Edition,  May  1885  ;  Second  Edition, 
Jatiuary  1887  ;  Third  Edition,  May  1892  ;  Fourth 
Edition,  April  1894 ;  Fifth  Edition,  June  1898 ; 
Sixth  Edition,  May  1902 ;  Seventh  Edition, 
January  1907  ;  Eighth  Edition,  September  1910. 


O0(..i..e. :.  •    OF  PHlfSiStANS 

!  *cc  77/^3 

CAT  »^ 

•■  ^  s 

HI  lite 

PREFACE  TO  THE  EIGHTH  EDITION. 


This  Book  is  written  with  the  object  of  supplying  the  student  with 
directions  for  the  microscopical  examination  of  the  tissues.  At  the 
same  time  it  is  intended  to  serve  as  an  Elementary  Text-book  of 
Histology;  comprising  the  essential  facts  of  the  science,  but 
omitting  less  important  details. 

For  conveniently  accompanying  the  work  of  a  class  of  medical 
students,  the  book  is  divided  into  fifty  lessons.  Each  of  these 
may  be  supposed  to  occupy  from  one  to  three  hours,  according  to 
the  relative  extent  to  which  the  preparations  are  made  beforehand 
by  the  teacher,  or  during  the  lesson  by  the  students.  A  few  of 
the  preparations  cannot  well  be  made  in  a  class,  but  it  has  been 
thought  advisable  not  to  injure  the  completeness  of  the  work  by 
omitting  mention  of  them. 

Only  those  methods  are  recommended  upon  which  experience  has 
proved  that  dependence  can  be  placed,  and  the  directions  given 
are  for  the  most  part  capable  of  ready  modification  in  accordance 
with  the  ideas  or  experience  of  diff'erent  teachers. 

The  present  edition  is  somewhat  larger  than  the  last,  but  the 
increase  is  mainly  due  to  additional  illustrations,  many  of  these 
being  photographs  of  microscopic  preparations. 

The  author  is  indebted  to  Dr.  Harold  Pringle  for  looking  through 
the  proofs  and  suggesting  improvements  in  certain  of  the  methods 
described  in  the  Appendix. 
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THE  ESSENTIALS  OF  HISTOLOGY. 

INTRODUCTORY. 

ENUMERATION  OF  THE  TISSUES  AND  THE  GENERAL 
STRUCTURE  OF  ANIMAL  CELLS. 

Animal  Histology  ^  is  the  science  which  treats  of  the  minute  struc- 
ture of  the  tissues  and  organs  of  the  animal  body ;  it  is  studied  with 
the  aid  of  the  microscope,  and  is  therefore  also  termed  Microscopic 
Anatomy. 

Every  part  or  organ  of  the  body,  when  separated  into  minute 
fragments,  or  when  examined  in  thin  sections,  is  found  to  consist 
of  certain  textures  or  tissues,  which  differ  in  their  arrangement  in 
different  organs,  but  each  of  which  exhibits  characteristic  structural 
features. 

The  following  is  a  list  of  the  principal  tissues  which  compose  the 
body  : — 

1.  Epithelial. 

2.  Connective :  Areolar,  Fibrous,  Elastic,  Reticular,  Lymphoid, 
Adipose,  Cartilage,  Bone. 

3.  Muscular :  Voluntary,  Involuntary,  smooth  or  plain.  Cardiac. 

4.  Nervous. 

Some  organs  are  formed  of  several  of  the  above  tissues,  others 
contain  only  one  or  two. 

It  is  convenient  to  include  such  fluids  as  the  blood  and  lymph 
amongst  the  tissues,  because  they  are  studied  in  the  same  manner 
and  contain  cellular  elements  similar  to  those  met  with  in  some  of 
the  other  tissues. 

All  the  tissues  are,  prior  to  differentiation,  masses  of  cells  (embryonic 
cells).  In  some  tissues  other  tissue-elements  become  developed 
which  take  the  form  of  fibres.  Thus  the  epithelial  tissues  are  com- 
posed throughout  life  entirely  of  cells,  only  slightly  modified  in 

1  From  iarbs,  a  web  oi-  texture. 
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structure,  and  the  nervous  and  muscular  tissues  are  formed  of  cells 
which  are  greatly  modified  to'  form  the  characteristic  fibres  of  those 
tissues.  On  the  other  hand,  in  the  connective  tissues  an  amorphous 
material  becomes  formed  between  the  cells  which  is  termed  intercellular 
substance  or  ground  substance,  and  in  this  substance  fibres  make  their 
appearance,  sometimes,  as  in  the  fibrous  connective  tissue,  in  so  large 
an  amount  as  to  occupy  the  whole  of  the  intercellular  substance,  and 
greatly  to  preponderate  over  the  cells.  This  ground  substance,  by 
virtue  of  its  containing  a  certain  amount  of  inorganic  chlorides,  has 
the  property  of  becoming  stained  brown  or  black  by  nitrate  of 
silver  and  subsequent  exposure  to  light,  in  which  case  the  cells, 
which  remain  unstained,  look  like  white  spaces  (cell-spaces)  in  the 
ground  substance.  When  an  epithelial  tissue  is  similarly  treated,  the 
narrow  interstices  between  the  cells  are  also  stained,  from  which  it 
may  be  concluded  that  a  similar  substance  exists  in  small  amount 
between  the  cells  of  this  tissue.  It  has  here  been  termed  cement- 
substance,  but  it  is  better  to  apply  to  it  the  general  term  intercellular 
substance. 

The  cells  of  a  tissue  are  not  always  separate  from  one  another,  but 
are  in  many  cases  connected  by  bridges  of  the  cell-substance,  which 
pass  across  the  intercellular  spaces.  This  is  especially  the  case  with 
the  cells  of  the  higher  plants,  but  it  has  also  been  found  to  occur  in 
animal  tissiies,  as  in  some  varieties  of  epithelium  and  in  cardiac  and 
plain  muscular  tissue.    Occasionally  the  connection  of  the  cells  of  a 
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Fig.  1.— Diagrams  of  cell-stkuctdbe. 

A.  Diagram  of  a  cell  the  protoplasm  of  which  appears  structureless,  but  is  occupied  by 
vacuoles  and  granules. 

B.  Diagrain  of  a  cell  the  protoplasm  of  which  appears  reticulated. 

V,  protoplasm,  consisting  of  hyaloplasm  and  a  network  of  spongioplasm  ;  exoplasm ; 
end,  endoplasm,  with  distinct  granules  and  vacuoles;  c,  double  centrosome,  v, 
nucleus ;  m',  nucleolus. 

tissue  is  even  closer,  and  lines  of  separation  between  them  are 
almost  or  entirely  absent.  The  term  syncytium  is  given  to  any  such 
united  mass  of  cells. 
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CeUs.— A  cell  is  a  minute  portion  of  living  substance  (cytoplasm) 
which  is  sometimes  inclosed  by  a  cell-membrane  and  always  contains  a 
specially  dilTerentiated  pai  t  which  is  known  as  the  nucleus. 

The  cytoplasm  of  a  cell  (fig.  I,  p)  is  composed  of  protoplasm,  which 
consists  chemically  of  proteid  or  nucleoproteid  substances,  with  which 
lipoid  substances,  such  as  lecithin,  a  combination  of  fatty  acid  with 
glycerophosphoric  acid,  and  choleslerin,  a  monatomic  alcobol,  having 
many  of  the  physical  characters  of  fats,  appear  always  to  be  associated. 
The  protoplasm  tends  during  life  to  exhibit  movements  which  are 
apparently  spontaneous,  and  when  the  cell  is  uninclosed  by  a 
membrane  a  change  in  the  shape,  or  even  in  the  position  of  the 
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Fig.  2. — Sdccessive  changes  exhibited  by  an  amceba.  (Verworn.) 

cell,  may  be  thereby  produced.  This  is  characteristically  shown  in 
the  movements  of  the  unicellular  organism  known  as  the  amoeba 
(fig.  2) ;  hence  the  name  amoeboid  movement,  by  which  it  is  generally 
designated.^  The  protoplasm  often,  but  not  always,  contains  a  fine 
spongework,  which  takes  under  high  powers  of  the  microscope  the 
appearance  of  a  network  (figs.  3,  4),  the  remainder  of  the  protoplasm 
being  a  clear  substance  which  occupies  the  interstices  of  the  sponge, 
and  may  also  cover  the  surface  or  project  beyond  the  rest  of  the  cell. 
A  granular  appearance  is  often  produced  by  the  knots  in  the  network 
when   imperfectly  observed   looking   like   separate   granules.  The 

^  The  amoeboid  phenomena  of  cells  will  be  studied  later  (in  the  colourless 
corpuscles  of  blood). 
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material  which  forms  the  reticulum  is  termed  spongioplanin ;  the 
clearer  material  which  occupies  its  meshes  is  hyaloplasm..  The  proto- 
plasm of  some  cells  shows  a  considerable  degree  of  differentiation  into 
fibrils,  which  may  be  unbranched  or  may  form  a  network  within  the 
cell.  Some  cells  exhibit  a  fine  canalisation  of  their  protoplasm 
(fig.  5),  and  according  to  Holmgren  the  canaliculi  are  in  many  cases 
occupied  by  branching  processes  of  other  (nutrient)  cells,  which  form 
what  he  has  termed  a  "  trophospongium." 

Protoplasm  often,  if  not  always,  includes  actual  granules  of  a 
proteid  nature  (fig.  6).     The  granules  are  of  several  kinds.  One 
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Fig.  3.— Untoucheu  photograph  of  living  leucocyte  of  triton,  showlvg 
RETICULAR  STRUCTURE  01'  THE  PKOTOPLASM.  (Schiifer.)  Magnified  1360 
diameters. 

The  photoKi-aph  was  taken  in  monochromatic  light  with  Zeiss'  2  mm.  apochromatic 
objective  and  projective  eye-piece.  The  polymorph  nucleus  also  exhibits  the 
reticular  structure. 

kind  stains  with  alkaline  dyes  (basiphl),  another  with  acid  dyes 
(oxyphil),  others  with  basic  and  acid  dyes  (amphophU),  and  others 
with  neutral  dyes  {neutrophil}.  Some  of  these  granules  may  be 
essential  constituents  of  the  protoplasm  (Altmann) ;  others  are 
materials  which  have  been  formed  by  the  protoplasm,  and  which  are 
in  a  sense  accidental  inclusions.  That  the  former  are  pf  importance 
appears  to  be  evident  from  the  fact  that  many  of  the  chemical 
changes  of  cells  occur  in  them.  Moreover  they  are  closely  associated 
with  the  most  active  part  of  the  protoplasm,  the  part,  namely,  in 
the  neighbourhood  of  the  nucleus,  and  appear  to  become  formed  in 
this  part,  and  from  it  to  extend  through  the  cell.    When  fibrils 
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are  formed  in  the  protoplasm,  they  are  believed  to  be  produced 
from  the  granules  in  question,  to  which  the  name  mitochondria  has 


Fig.  4. — A  living  leucocyte  (white  blood-coepdscle)  of  salamandha 

MACDLATJ.   SHOWING   LACE-LIKE  KKTICULAR  APPEABANCE   OF   ITS  PROTO- 
PLASM.   Magnified  1200  diameters. 
An  erythrocyte  (red  blood-corpuscle)  is  Included  In  the  photograph.    A  film  of  the  proto- 
plasm of  the  leucocyte  extends  over  the  margin. 


been  given  (Benda),  (fig.  7).  The  mitochondria  are  sometimes 
collected  into  a  spherical  mass  near  the  nucleus  which  stains  more 


Fig.  5.— TROPHoapoNGiuM  (canal-        Fig.  6.— Epithelium-cells  op  salamander 
isation)  within  a  ganglion  larva,  stained  intra  vitam  with  neu- 

CELL.    (E.  Holmgren.)  tral  red,  showing  the  cell-granules. 

(Fischel.)    Magnified  300  diameters. 


deeply  than  the  rest  of  the  cytoplasm  (fig.  8).  To  this  body  the 
term  paranucleus  has  been  applied.    The  granules  referred  to  may 
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be  regarded  as  actual  constituents  of  the  cytoplasm,  and  formed 
directly  from  its  protoplasm.  As  indicating  this  close  connection 
with  protoplasm  they  may  conveniently  be  termed  deuteroplasm. 
This  name  has  also  been  used  to  include  materials  which  are  merely 


Fig.  7. — Cells  from  the  testicle  of  the  mouse  in  process  op  tkansfok- 
MATiON  into  spermatozoa.  (Benda.) 

The  "  tnitochondria  "  arc  darkly  stained  and  are  seen  in  the  successive  stages  (a  to  to 
be  arranging  themselves  so  as  to  constitute  the  spiral  filament  of  the  spermatozoon 
(ft). 

included  in  the  cytoplasm  and  not  factors  in  its  constitution,  such 

as  pigment  granules,  fat  globules,  and  vacuoles  containing  watery 

fluid,  with   or   without  glycogen  or  other  substances  in  solution. 

Materials  which  are  thus  included  in  the 

protoplasm  of  a  cell  are  either  stored  up 

for  the  nutrition  of  the  cell  itself,  or 

are  converted  into  substances  which  are 

eventually  extruded   from  the  cell  in 

order  to  serve  some  purpose  useful  to 

the  whole  organism,  or  to  be  got  rid 

of  from  the  body.   *The  term  paraplasm 

„    „  may  be  employed  to  denote  any  such 

Fig.  8.— Pancreas  cells  of  frog,        j  j  j  _ 

SHOWING    paranucleus    AND  materials  within  a  cell.     Paraplasm  is 

CHONDROMITOME  fibrils  FORMED       p,  ,     .  ai    ■      j.  ^-i.  i. 

FROM  MITOCHONDRIA.  (Gur-  ofteu  prcseut  m  sufficient  quantity  to 
witsch,  after  Matthews.)  reduce  the  cytoplasm  to  a  relatively 

small  amount,  the  bulk  of  the  cell  being  occupied  by  other  material,  as 
when  starch  becomes  collected  within  vegetable  cells  or  fat  within 
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the  cells  of  adipose  tissue.  It  is  frequently  the  case  that  the  para- 
plasm and  deuteroplasm  are  confined  mainly  to  the  middle  of  the 
cell  in  the  neighbourhood  of  the  nucleus,  an  external  zone  of  the 
protoplasm  being  left  clear.  The  two  portions  of  protoplasm  which 
are  thus  somewhat  imperfectly  differentiated  off  from  one  another 
are  termed  respectively  the  endoplasm  and  the  exuplasm.  They  are 
exhibited  in  the  amojba  (fig.  2),  and  also  in  the  white  blood- 
corpuscle  (fig.  9). 

According  to  the  view  advocated  by  Butschli  the  apparent  reticulum  or 
spongioplasm  of  a  cell  is  the  optical  effect  of  a  soft  honeycomb  or  froth-like 
structure :  in  other  words,  the  meshes  of  the  reticulum  do  not  communicate 
with  one  another  as  in  a  sponge,  but  are  closed  cavities  as  in  a  honeycomb. 
Butschli  finds  indications  of  the  same  alveolar  structure  in  all  cells,  including 


Fig.  9. — Photograph  of  ledcocyte  of  teiton,  fixbd  whilst  in  amceboid 
condition  by  jet  of  steam  directed  on  to  cover-glass,  stained 
WITH  HEMATOXYLIN.  Magnified  1360  diameters.  Untouclied  photograph. 

The  protoplasm  shows  an  internal  granular  and  reticular  endoplasm  and  a  clear  exoplasm. 


nerve-fibres  and  muscle-fibres,  and  has  devised'  experiments  with  drops  of 
froth  made  up  of  a  mixture  of  oil  and  alkaline  carbonate  or  sugar  solution, 
which,  when  examined  in  water  under  the  microscope,  imitate  very  closely 
not  only  the  structural  appearance  (fig.  10)  but  even  the  so-called  spontaneous 
or  amoeboid  movements  of  actual  protoplasm.  It  may  be  stated,  however, 
that  although  it  is  a  matter  of  difficulty  to  determine  whether  a  microscopic 
reticulum  is  a  spongework  or  a  honeycomb,  it  is  probable  that  neither 
structure  is  essential  to  living  substance,  for  the  outermost  layer  of  the  cell 
protoplasm,  which  is  usually  the  most  active  in  exhibiting  movements,  often 
shows  no  indication  of  such  structure.  And  further,  it  has  been  shown  by 
Hardy  that  a  colloid  solution  such  as  that  which  exists  in  protoplasm  may, 
under  some  circumstances,  appear  homogeneous  and  under  others  may 
separate  out  into  two  parts,  one  more  solid  the  other  more  fluid,  and  after 
such  separation  may  exhibit  either  a  granular,  a  reticular,  or  a  honeycomb 
structure,  according  to  circumstances.  Nor  is  a  "froth"  necessary  for  the 
imitation  of  amoeboid  movements,  for  similar  movements,  due  to  changes  in 
surface  tension,  are  brought  about  in  a  simple  oil  drop  or  in  a  drop  of 
oil-clad  albumen  when  brought  in  contact  with  solution  of  soap  or  of  any 
alkali  (Berthold,  Quincke).     A  drop  of  any  colloid  solution  containing 
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electrolytes  la  also  subject  to  such  changes  of  surface  tension  when  exposed 
to  varying  electrical  influences,  so  that  aiiKXiboid  movements,  which  are 
kw^"     '  '^^^  ^^V-^^^^  of  being  explained  by  well-known  physical 

There  are  grounds  for  believing  that  a  very  fine  pellicle  covers  the  exterior 
ot  tlio  protoplasm  of  all  free  cells,  and  that  this  pellicle  is  composed  of  a 
material  which,  although  not  soluble  in  water,  is  permeable  to  watery  fluids 
and  may  also  allow  the  passage  of  solids  without  rujjture.  Such  a  material' 
might  be  furnished  by  the  lipoids  (Overton),  which  are,  as  we  have  seen 
constant  constituents  of  cell-protoplasm.  It  must,  however,  be  stated  that 
it  has  not  been  proved  that  these  substances  are  collected  at  the  surface  of 
protoplasm. 

Properties  of  living  matter.— Living  cells  exhibit  (1)  irritability  or  the 
property  of  responding  to  stimuli  ;  (2)  metabolic  or  chemical  changes  which 
result  in  assimilation  or  the  taking  in  of  nutrient  matter  and  converting  it 
into  living  substance  (anabolism),  and  disassimilation,  the  property  of  break- 
ing down  or  getting  rid  of  such  substance  (katabolism) ;  (3)  reproduction 


Fig.  10. — Comparison  of  protoplasm  with  oil  a.n'd  water  emulsion. 
(Verworn,  after  Biitschli.) 

A.  Protoplasm  of  Thalassioola. 

B.  Froth-like  appearance  of  a  mixture  of  oil  and  cane  sugar. 

resulting  in  the  multiplication  of  cells.  Of  these  properties  (2)  and  (3)  are 
certainly  governed  or  influenced  by  the  cell-nucleus,  and  (3)  appears  to  be 
usually  initiated  by  the  centrosome  (see  below).  The  irritability  of  the  cell 
depends,  however,  mainly  upon  the  cytoplasm  itself.  It  is  in  consequence  of 
this  property  that  protoplasm  reacts,  sometimes  by  contraction,  sometimes 
by  relaxation,  to  mechanical,  chemical,  thermal,  and  electrical  stimuli,  and  in 
the  case  of  some  cells  {e.g.  the  pigment-cells  and  cones  of  the  retina)  to  the 
stimulus  of  light.  The  amoeboid  movements  of  cells  are  a  manifestation  of 
irritability,  being  produced  and  influenced  by  various  external  conditions 
and  stimuli.  Sometimes  the  result  of  a  stimulus  is  to  cause  a  cell  or  organism 
to  move  towards  the  source  of  excitation  (attraction) ;  in  other  cases  the 
movement  is  in  the  reverse  direction  (repulsion).  The  terms  positive  and 
negative  chemotaxis,  phototaxis,  thermotaxis,  and  the  like,  are  used  to  indi- 
cate the  nature  of  the  effects  produced  by  various  forms  of  stimulation. 

Attraction-sphere  and  centrosome. — In  some  cells,  as  already  indi- 
cated, there  are  fine  but  distinct  striae  or  fibrils  {cytomitome)  running 
in  definite  directions.  These  are  very  commonly  met  with  in  fixed 
cells,  such  as  various  kinds  of  epithelium-cells,  nerve-cells,  and  muscle- 
cells.  But  besides  these  special  diff"erentiations,  which  appear  to  be 
related  to  special  functions,  there  are  other  fibril-like  structures  in  the 
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eel] -protoplasm,  associated  with  Avhat  is  known  as  the  centrosome  (figs. 
1,  9).  This  consists  of  a  minute  particle  (centriole),  usually  situated 
near  the  nucleus,  and  staining  darkly 
Avith  iron-haematoxylin,  surrounded  by  a 
clear  area  (attraction-sphere),  and  from  it 
radiate  into  the  surrounding  protoplasm 
a  number  of  fine  varicose  fibrils.  The 
attraction-sphere,  with  its  central  particle, 
Avas  first  noticed  in  the  ovum  and  was  at 
first  supposed  to  be  peculiar  to  the  egg- 
cell,  but  it  has  now  been  recognised  in 
very  many  kinds  of  cells,  and,  in  animal 
cells,  is  of  nearly  universal  occurrence. 
The  structures  in  question  are  frequently 
double,  the  twin  spheres  being  connected 
by  a  spindle-shaped  system  of  delicate 
fibrils  (achromatic  spindle) :  this  duplication 
invariably  precedes  the  division  of  a  cell 
into  two. 


Fig.  11. — A  cell  (white  blood- 
corpuscle)  SHOWING  ITS  AT- 
TRACTION-SPHEKE. 

(M.  Heidenhain. ) 

In  this,  as  in  most  cases,  the  atti'ac- 
tion-spheve,  a,  lies  near  the 
nucleus,  n. 


In  some  cells  the  oentrioles  are  multiple  ;  this  is  frequently  the  case  with 
leucocytes  and  always  with  the  giant-cells  of  bone  marrow.  The  material 
which  immediately  surrounds  the  centrosome,  and  of  which  the  radiating 
fibres  and  the  fibres  of  the  spindle  are  composed,  is  considered  by  some  to 
be  distinct  in  nature  from  the  general  protoplasm  :  it  has  been  termed 
the  archoplasm.  It  appears  clear  that  in  some  cells  the  centrosome  and 
archoplasm  may  have  an  existence  independent  of  one  another ;  thus  no 
centrosome  has  been  found  in  the  cells  of  the  higher  plants,  although  the 
archoplasmic  fibres  are  very  well  marked  in  them  during  cell-division. 

A  cell-membrane  is  rarely  distinct  in  animal  cells.  When  present, 
it  is  usually  formed  by  transformation  of  the  external  layer  of  the 


Fig.  12.— Cells  with  irregular  lobed  nuclei  from  bone-marrow 
OF  rabbit.    (M.  Heidenhain.) 

protoplasm,  but  its  chemical  nature  has  not  been  sufficiently  investi- 
gated.   In  plant  cells  a  cellulose  membrane  is  of  common  occurrence. 
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The  nucleus  of  the  cell  (fig.  1,  n)  is  a  small  vesicle,  spherical, 
ovoid,  elongated,  annular,  or  irregularly  lobulated  (figs.  11,  12,  13), 


Fig.  13.— Multi-nucleated  giant-cell  from  lymph  gland  op  babbit. 

(M.  Heidenhain.) 

embedded  in  the  protoplasm.  Cells  have  sometimes  two  nuclei,  and 
occasionally  several  (fig.  13).  The  nucleus  is  bounded  by  a  membrane 
which  incloses  a  clear  substance  (nuclear  hyaloplasm,  karyoplasm)  (fig.  14), 


Fig.  14.— Nucleus  op  an  epithelial 
cell  of  salamander  laeva. 
(M.  Heidenhain.)  Magnified  2300 
diameters. 


Fig.  1.5. — Lymphocyte  of  triton. 

SHOWING  the  reticular  STRUC- 
TURE OF  ITS  NUCLEUS.  Magni- 
fied 2000  diameters.  Untouched 
photograph. 

The  cell  was  fixed  by  steam,  and 
afterwards  stained  with  haimato- 
xylin. 


and  the  whole  of  this  substance  is  generally  pervaded  by  an  irregular 
network  of  fibres,  some  coarser,  others  finer  {nuclear  reticuhim,  karyomi- 
tome)  (figs.  14,  15).    The  membrane  is  the  outermost  layer  of  the 
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karyomitome.  The  knots  of  the  nuclear  reticulum  are  sometimes  very 
distinct  and  give  an  appearance  of  conspicuous  granules  within  the 
nucleus  (pseudonucleoU),  which  are  not  to 
be  confounded  with  the  highly  refracting 
spherical  particle  known  as  the  nucleolus, 
which  is  generally  present  as  a  distinct 
structure.  Sometimes  two  or  more  nucleoli 
are  found  (fig.  14).  Occasionally  the  nucle- 
olus has  a  vacuole-like  globule  in  its  interior. 
The  material  of  the  nucleolus,  although  ^-v. 
basiphil,  differs  in  its  chemical  and  stain- 
ing: reactions  from  the  nuclear  reticulum. 

During  cell-division  it  disappears.    Whether  Fig.  16.— Gland-cell  of  chi- 

T  ^     ^       -,11  £1  1  HONOMDS.  (Flemtning.) 

it  blends  with  karyomitome  fibres  or  be- 
comes absorbed  and  removed  is  at  present  uncertain.  The  nucleoli 
may  sometimes  be  seen  to  be  bodily  extruded  from  the  nucleus 
into  the  protoplasm.  The  nuclear  membrane  and  intranuclear  fibres 
stain  deeply  with  haematoxylin  and  with  basic  dyes  generally ; 
this  property  distinguishes  them  from  the  nuclear  matrix,  and  they 
are  accordingly  spoken  of  as  basi-chromatic  (containing  basi-chromatin, 
which  in  the  nucleus  appears  to  be  chemically  identical  with  mtdein), 


f' 


Fig.  17.— Spermatocyte  of  pkoteus,  showing  cheomosomes  of  nucleus 

FORMED  OP  particles  OF  CHROMATIN  UNITED  BY  AOHROMATIO  FILAMENTS. 

(Gurwitsch,  after  Hermann.) 

The  nucleolus  is  distinct  from  the  chromosomes,     in  the  cytoplasm  an  archoplasmic 
mass  containing  mitochondria  is  seen  on  the  right. 

the  hyaloplasm  being  achromatic  or  oxychromaiic.  The  staining  pro- 
perty depends  upon  the  presence  of  minute  basiphil  or  oxyphil 
granules.    The  basiphil  granules  are  united  by  a  non-staining  material 
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termed  linin,  into  the  threads  or  fibres  which  compose  the  network. 
Sometimes  instead  of  being  united  into  a  network  the  intranuclear 

fibres  take  the  form  of  convoluted  filaments 
{chromosomes),  having  a  skein-like  arrange- 
ment (fig.  16).  This  is  always  found  when 
a  nucleus  is  about  to  divide,  but  it  may 
also  occur  in  the  resting  condition.  These 
filaments  may  sometimes  be  seen  with  high 
magnification  to  be  made  up  of  fine  juxta- 
posed particles  (chromomeres)  arranged  either 
in  single  or  double  rows  (figs.  17,  18)  which 
may  impart  a  cross-striated  appearance  to 
the  filament.  The  nuclear  fibres  are  some- 
times clumped  together  into  a  solid  mass 
which  comprehends  the  nucleolus  when  this 
is  present,  and  has  the  appearance  of  an 
enlarged  nucleolus.  The  fibres  within  the 
nucleus  have  been  observed  to  undergo 
spontaneous  changes  of  form  and  arrange- 
ment, but  these  become  much  more  evident  during  its  division.  The 
division  of  the  protoplasm  is  always  preceded  by  that  of  the  nucleus, 
and  the  nuclear  fibres  undergo  during  division  a  series  of  remark- 
able transformations  which  are  known  collectively  by  the  term 
karyolcmesis  (Schleicher)  or  mitosis  (Flemming).  These  changes  may 
easily  be  studied  in  the  division  of  epithelium  cells,  but  exactly 
similar  phenomena  have  been  shown  to  occur  in  cells  belonging  to 
other  tissues. 

The  simple  division  of  a  nucleus  by  a  process  of  fission  without 
karyokinetic  changes  is  termed  amitotic  division  (figs.  19,  20) :  it  occurs 
in  comparatively  rare  instances,  and  is  not  usually  followed  by  the 
division  of  the  cell,  so  that  it  is  apt  to  result  in  the  formation  of 
bi-nucleated  and  multi-nucleated  cells,  as  in  the  superficial  layer  of  the 
epithelium  of  the  urinary  bladder  and  in  some  of  the  giant  cells  of 
bone-marrow. 

The  nucleus  of  the  cell  is  not  only  concerned  with  its  division  and 
multiplication  in  the  manner  to  be  described,  but  takes  ati  active  part 
in  the  chemical  (metabolic)  processes  Avhich  occur  in  the  protoplasm. 
Hence  cells  deprived  artificially  of  their  nuclei  do  not  assimilate 
nourishment,  and  lose  any  power  of  secretion  they  may  have  pos- 
sessed, although  the  protoplasm  may  continue  for  a  time  to  live  and 
exhibit  amoeboid  movements. 

Division  of  cells. — The  division  of  a  cell  is  preceded  by  the  division 


Fig.  18. — Cell  showing  chro- 
mosomes OF  NUCLEUS  IN  THE 
FOBM  OF  THREADS  COMPOSED 
OF  DOUBLE  ROWS  OF  CHRO- 
MOMERES.   (F.  Hermann.) 

c,  centrosome  with  unitiug  spindle. 
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of  its  attraction  sphere,  and  this  again  appears  to  determine  the 
division  of  the  nucleus.  The  latter,  in  dividing,  passes  through  a 
series  of  remarkable  changes,  which  may  thus  be  briefly  summarised 


c 

Fig.  19.— Cell  of  bladder  epithelium,  showing  amitotic  division  ov 

NUCLEUS.    (NemilefE. ) 
a,  cytoplasm  ;  6,  daughter  nuclei ;  c,  strand  of  fibrils  uniting  daughter  nuclei. 

as  they  occur  in  typical  animal  cells  such  as  the  epithelium  cells  of 
Salamandra : — 

1.  The  network  of  chromoplasm-filaments  of  the  resting  nucleus 


Fig.  20.— a  leucocyte  of  triton  undergoing  amitotic  division.  Magnified 
1360  diameters.    Untouched  jihotograph. 

The  nucleus  is  separated  into  two  nearly  equal  parts,  and  the  pi'otoplaam  is  collecting 
around  them  and  becoming  constricted  in  the  intermediate  part  of  the  corpuscle. 
The  corpuscle  was  fixed  \>y  a  jet  of  steam  and  stained  with  hematoxylin. 


become  transformed  into  a  sort  of  skein,  formed  apparently  of  one 
long  convoluted  filament,  but  in  reality  consisting  of  a  number  of 
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filaments  {spirem);  the  nuclear  membrane  and  the  nucleoli  disappear 
or  are  merged  into  the  skein  (fig  21,  a  to  d). 

2.  The  filament  breaks  into  a  number  of  separate  portions,  often 
V-shaped,  the  chromosomes.  The  number  of  chromosomes  varies  with 
the  species  of  animal  or  plant ;  in  some  animals  the  dividing  nuclei 
may  contain  at  this  stage  only  four  chromosomes;  in  man  there  are 


Fig.  21. — Epithelium-cells  of  salamaxdek  lakva  in  different  phases  op 
DIVISION  Br  KARYOKiNESis  OR  MITOSIS.  (Flemmiiig.) 

said  to  be  twenty-four  in  the  ordinary  or  somatic  cells ;  a  like 
number  occurs  in  many  animals  and  plants ;  others  have  more 
or  fewer.  As  soon  as  the  chromosomes  become  distinct  they  are 
often  arranged  radially  around  the  equator  of  the  nucleus  like  a 
star  (aster,  fig.  21,  e,  f,  g). 

3.  Each  of  the  chromosomes  splits  longitudinally  into  two,  so 
that  they  are  now  twice  as  numerous  as  before  {stage  of  cleavage. 
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fig.  21,  h,  i).  This  longitudinal  cleavage  may  occur  at  an  earlier 
stage. 


Fig.  22. — Diagram  showing  the  changes  which  occur  in  the  centro- 

SOMES  AND  nucleus  OP  A  CELL  IN  THE  PROCESS  OF  MITOTIC  DIVISION. 
The  nucleus  is  supposed  to  have  four  chromosomes. 

4.  The  fibres  separate  into  two  groups,  the  ends  being  for  a  time 
interlocked  (fig.  21,  j,  Ic). 

5.  The  two  groups  pass  to  the  opposite  poles  of  the  now  elongated 


Fig.  23. — Kabyokinesis  op  erythrocyte  of  larval  lepidosirkn.  (T.  H.  Bryce.) 
1,  Cell  prior  to  division,  centrosome  single,  nucleus  a  dense  network ;  2,  centrosonies  double, 
nucleus  a  close  spirem  ;  3,  spirem  breaking  up  into  chromosomes;  4,  division  spindle 
forming,  chromosomes  V-shaped ;  5,  V-shaped  chromosomes  collected  at  equator  of 
spindle,  and  undergoing  longitudinal  splitting ;  6,  the  chromosomes  which  result 
from  the  splitting,  have  become  thicker  and  shorter  and  are  passing  towards  the 
centrosomes  at  the  poles  of  the  spindle  to  form  the  davighter  nuclei ;  7,  S,  daughter 
nuclei  formed  by  agglomeration  of  chromosomes,  protoplasm  of  cell  dividing. 
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nucleus  and  form  a  star-shaped  figure  at  either  pole  (diasier,  fig.  21,  I). 
Each  of  the  stars  represents  a  daughter  nucleus. 

6,  7,  8.  Each  star  of  the  diaster  goes  through  the  same  changes  as 
the  original  nucleus,  but  in  the  reverse  order— viz.  a  skein,  at  first 
more  open  and  rosette-like  (fig.  21,  m),  then  a  closer  skein  (fig.  21,  n), 
then  a  network  (fig.  21,  o,  p,  q) ;  passing  finally  into  the  typical 
reticular  condition  of  a  resting  nucleus  (see  also  figs.  22,  23). 

The  splittino-  and  separation  of  the  chromosomes  is  often  spoken  of  as  the 
metaphcm  {metakinesis)  ;  the  stages  leading  up  to  this  being  termed  the 
anaphase  and  those  by  which  the  process  is  terminated  the  kataphase  and 
telophase.  ^ 


Fig.  24. — Three  stages  of  heterotype  mitosis  in  spermatocyte  of 

TRITON.    (Moore. ) 

«,  geminal  condition  of  chromosomes  ;  6,  gemini  arranged  in  quadrate  loops  or  tetrads  ; 
c,  separation  of  tetrads  into  the  duplex  chromosomes  of  the  daughter  nuclei. 

The  mode  of  division  of  the  nuclear  chromatin  above  described  is 
frequently  sjjoken  of  as  somatic  ov  ordinari/  mitosis  to  distinguish  it  from 
two  modes  of  division  which  are  only  seen  normally  at  certain  stages  of 
multiplication  of  the  generative  cells,  and  which  are  known  as  heterotypical 
and  homotypical  mitosis.  In  the  latter  the  chromosomes  do  not  undergo 
the  usual  longitudinal  splitting,  but  one  half  of  the  total  number  passes  into 
each  daughter  nucleus,  so  that  the  number  of  chromosomes  in  each  of 
these  is  only  one  half  the  usual  somatic  number.  This  is  termed  the 
reduction-division.  Heterotypical  mitosis  (which  immediately  precedes  the 
homotypical)  is  characterised  by  a  peculiar  arrangement  of  the  chromosomes, 
the  split  halves  of  which,  before  separating  to  pass  to  the  daughter  nuclei, 
tend  to  adhere  together  in  the  form  of  loops  or  rings,  or  in  the  case  of 
short  straight  chromosomes  into  small  quadrangular  masses  (tetrads),  all 
of  which  are  observable  in  various  instances  of  heterotypical  mitosis 
(see  fig.  24). 

B 
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It  is  further  noteworthy  that  the  generative  cells  which  later  undergo 
the  reduction-division  above  described  exhibit  either  immediately  (sperm- 
cells)  or  a  long  while  (germ-cells)  before  the  final  -divisions  a  remarkable 
aeries  of  changes  in  their  nuclear  chromatin  ;  the  chromosomes  becoming  first 
distinct  in  place  of  forming  a  network,  then  entangled  together  at  one  side 
of  the  nucleus  (synaptic  condition),  and  finally  becoming  again  distinct,  but 
now  arranged  in  ])airs  (geniini)  which  later  take  various  forms,  such  as 
double  rods,  loops,  or  rings  as  in  heterotypical  mitosis,  hut  without  forth- 
with proceeding  to  nuclear  division. 

The  protoplasm  of  the  cell  divides  soon  after  the  formation  of  the 
diaster  (fig.  2 1  m).  During  division  fine  lines  are  seen  in  the  proto- 
plasm radiating  from  the  centrosomes  at  the  poles  of  the  nucleus, 
whilst  other  lines  form  a  spindle  of  arhronudic  fibres  within  the  nucleus, 
diverging  from  the  poles  towards  the  equator.    These  are  usually  less 


Fig.  25.— Ckll-plate  in  dividing 
spore-cell  of  lily. 
(Gurwitscli,  after  Zimmermann.) 


a 

Fig.  26.— Dividing  cell  constricted 
to  form  two  d-iughter  cells  e.\ch 
WITH  CENTROSOME.  (Geberg.) 

The  imi-ticle  at  the  junction  of  tlie  daughter 
cells  i-epi  eseuts  a  rudimentary  cell-plate. 


easily  seen  than  the  basichromatic  fibres  or  chromosomes  already 
described,  but  are  not  less  important,  for  they  are  derived  from 
the  attraction-spheres.  These,  with  their  centrosomes,  as  we  have 
seen,  always  initiate  the  division  of  the  cell ;  indeed  they  are  often 
found  divided  in  the  apparently  resting  nucleus,  the  two  particles 
being  united  by  a  small  system  of  fibres  forming  a  minute  spindle 
at  one  side  of  the  nucleus  (fig.  1  b,  c).  When  mitosis  is  about  to  take 
place  this  spindle  enlarges,  and  as  the  changes  in  the  chromatin  of 
the  nucleus  which  have  been  above  described  occur— which  changes 
involve  the  disappearance  of  the  nuclear  membrane— the  spindle 
gradually  passes  into  the  middle  of  the  mitotic  nucleus,  with  the 
two  poles  of  the  spindle  at  the  poles  of  the  nucleus,  and  with 
the  fibres  of  the  spindle  therefore  completely  traversing  the  nucleus 
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(figs.  22,  23).  The  spindle-fibres  appear  to  form  directing  lines, 
along  which  the  chromosomes  pass,  after  the  cleavage,  towards  the 
nuclear  poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of  the  proto- 
plasm of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres 
of  the  spindle  which  occur  just  in  the  plane  of  subsequent  division, 
and  have  been  termed  collectively  the  cell-plate  (fig.  25).  But  in 
most  animal  cells  no  cell-plate  is  formed,  the  protoplasm  simply 
becoming  constricted  into  two  parts  midway  between  the  two 
daughter  nuclei.  Each  daughter  S^'C 
cell    so   formed    retains    one    of  ..c^ ' 

the  two  attraction-particles  of  the  ^  ^^  ^^ 

spindle  as  its  centrosome,  and  when  /^^[  '^'^^ff'^- 

the  daughter  cells  are  in  their  turn  ' 
again  about  to  divide  this  centre-    0S^_yr  - 
some  divides  first  and  forms  a  new  ''-^^^ 
spindle,  and  the  whole  process  goes       ■  ■^-.^r^iC^'^'-^-^^ 
on  as  before.    Earely  the  division  j>  .  ■  ■  f^ 

of  a  nucleus  is  into  three  or  more  ^^'^^0^'- 
parts  instead  of  two  (fig.  27).  In 

such  cases  the  centrosome  becomes     Fia,  ^J^-;^"-^--"™-^- - 
correspondingly  multiplied  and  the 

achromatic  system  of  fibres  takes  a  more  complex  form  than  the  simple 
spindle. 


Fig.  28.— Imitation  of  division  spindle  produced  ijuking  the  mixing  of 
dkops  of  a  less  concentrated  solution  of  an  electrolyte  (con- 
taining particles  op  china  ink  in  suspension)  with  a  solution  of 

THE  SAME  ELECTROLYTE  OF  GREATER  DENSITY.     ( Verwom,  after  Lecluc.) 

The  appearance  of  the  division  spindle  and  even  the  changes  in  the 
chromosomes  can  be  imitated  experimentally  by  introducing  differences  of 
electrical  polarity  in  a  solution  of  electrolytes  containing  particles  in  suspen- 
sion (fig.  28).  It  is  therefore  not  improbable  that  they  are  naturally  brought 
about  in  some  such  manner. 
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Division  of  the  ovum. — Usually  the  two  daughter  cells  are  of 
equal  size ;  but  there  is  a  notable  exception  in  the  case  of  the  ovum, 


Fig.  29.— Formation  of  the  polar  glob- 
ules AND  REDUCTION  OF  THE  NUMBER  OF 
CHROMOSOMES  IN  THE  OVUM  OF  ASCARIS 
MEGALOCKPHALA. 

A,  S,  ovum  showing  division  of  nucleus  to  form 
first  polar  globule  (Van  Gehuchten).  m,  gelatin- 
ous envelope  of  ovum  ;  m',  membrane  dividing 
the  polar  globule  from  the  ovum  ;  cs  (in  A), 
head  of  spermatozoon. 

C,  formation  of  second  polar  globule  (Caruoy) ; 
jfi,  first ;  g-,  second  polar  globule :  n,  nucleus 
of  ovum,  now  containing  only  two  chromo- 
somes ;  ns,  nucleus  formed  from  head  of  sper- 
matozoon. 


Fig.  30.— Ovum  of  bat  with  polar  bodies  and  germ-  and 
SPERM-NUCLEI.    (Van  der  Stricht.) 

The  development  of  the  sperm-nucleus  from  the  head  of  the  spermatozoon  is  veiy 
evident  in  this  case,  because  the  rest  of  the  spermatozoon  happens  not  to  have  been 
thrown  off. 

which,  prior  to  fertilisation,  divides  twice  (by  hetero-  and  homotypical 
mitosis  respectively)  into  two  very  unequal  parts,  the  larger  of  which 
retains  the  designation  of  ovum,  Avhile  the  two  small  parts  which 
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become  detached  from  it  are  known  as  the  polar  bodies  (fig.  29). 
Further,  in  the  formation  of  the  second  polar  body  a  reduction-division 


Fig.  31.— Fertilisation  and  first  division  op  ovum  of  ascaris  mkgalo- 
CEPHALA  (slightly  modified  from  Boveri). 

A,  second  polar  globule  just  formed  ;  the  head  of  the  spermatozoon  is  becoming  changed 

into  a  reticular  pro-nucleus  ($),  which  shows  distinctly  two  chromosomes;  just 
above  it,  its  archoplasm  is  shown:  the  egg  pro-nucleus  (J)  also  shows  two  chromo- 
somes. 

B,  both  pro-nuclei  are  now  reticular  and  enlarged ;  a  double  oentrosome  (a)  is  visible 

in  the  archoplasm  which  lies  between  them. 

C,  the  chromatin  in  each  pro-nucleus  is  now  converted  into  two  filamentous  chromosomes ; 

the  centrosomes  are  separating  from  one  another. 

D,  the  chromosomes  are  more  distinct  and  shortened  ;  the  nuclear  membranes  have  dis- 

aijpcarcd  ;  the  attraction-spheres  are  distinct. 

E,  mingling  and  splitting  of  the  four  chromosomes  (c) ;  the  achromatic  spindle  is  fully 

formed. 

F,  separation  (towards  the  poles  of  the  spindle)  of  the  halves  of  the  split  chromosomes, 

and  commencing  division  of  the  cytoplasm.  Each  of  the  daughter  cells  now  has 
four  chromosomes  ;  two  of  these  have  (been  derived  from  the  ovum  pro-nucleus  two 
from  the  spermatozoon  pro-nucleus. 
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occurs,  and  the  nucleus  of  the  ovum,  after  the  polar  bodies  are 
extruded,  contains  only  one  half  the  number  of  chromosomes  that 
it  had  previously  :  e.g.  twelve  in  place  of  the  normal  twenty-four  in 


Fig.  32.— Human  ovum  (oocyte)  from  graafi.\n  follicle:  exasiinkd  fresh 

IN  LIQUOR  FOLLICULI  WITH  VERY  HIGH  MAGNIFYING  POWER.  (Waldever.) 

The  cells  which  are  attached  to  the  outside,  and  which  appear  to  be  joined  into  a  syn- 
cytium around  the  ovum,  are  follicular  colls  belonging  to  the  discus  proligerus.  Within 
thera  is  the  clear  membrane  of  the  ovum  (zona  pellucida).  The  cytoplasm  of  the 
ovum  shows  a  distinction  between  clear  ectoplasm  and  granular  endoplasm :  the 
large  granules  are  yolk  particles.  The  nucleus  (germinal  vesicle)  is  clear.  The 
nucleolus  (germinal  spot)  is  distinct. 

man,  and  two  instead  of  four  in  Ascaris  megalocephala  (var.  bivalens), 
(fig.  29,  C).  Should  fertilisation  supervene  the  chromosomes  which 
are  lacking  are  supplied  by  the  male  element  (sperm-cell),  the  nucleus 


Fig.  33. — Foemation  op  blastoderm  in  rabbit  by  division  of  ovum  into 
A  NUMBER  OP  CELLS.    (Allen  Thomson,  after  E.  v.  Beneden.) 

A  to  E,  division  of  ovum  and  formation  of  "  mulberry  mass  "  ;  p  yl,  polar  globules  ;  s,  s, 
cells  of  prirnai'y  division  which  already  show  a  difference  of  apiiearanoe.  This  early 
differentiation  is  not,  however,  accepted  by  most  autliorities.  F  to  /,  sections  of  the 
ovum  in  subsequent  stages,  z'p,  membrane  of  ovum  (zona  pcllucida) ;  s.:,  subzonal 
layer,  by  means  of  which  the  ovum  Vjecomes  attiiched  to  the  uterine  mucous 
membrane;  i,  inner  cell-mass,  which  gives  rise  to  the  blastodermic  layers.  The 
accumulation  of  fluid  between  ectoderm  and  entoderm  in  Q,  //,  and  /  has  swollen  the 
ovum  out  to  form  the  so-called  blastodermic  vesicle.  The  subzonal  layer  of  clear 
cells  should  be  shown  in  F  extending  all  round  the  inner  cell-mass. 
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of  which  has  also  undergone,  in  the  final  cell-division  by  which  it  was 
produced,  the  process  of  reduction  in  the  number  of  chromosomes  to 
one  half  of  the  normal  number.  The  two  reduced  nuclei — which  are 
formed  respectively  from  the  remainder  of  the  nucleus  of  the  oocyte 
(ovum)  after  extrusion  of  the  polar  bodies,  and  from  the  head  of 
the  spermatozoon,  which  contains  the  nucleus  of  the  sperm-cell— are 
known  (within  the  ovum)  as  the  sperm  and  germ  nuclei  or  the  male 
and  female  pv-nuclei.  When  these  blend,  the  ovum  again  contains 
a  nucleus  with  the  number  of  chromosomes  normal  to  the  species. 
When  it  divides  after  fertilisation  each  dausjhter  cell  is  found  to 
contain  the  normal  or  somatic  number  of  chromosomes,  derived  from 
the  splitting  of  both  male  and  female  elements,  half  the  number 
from  the  one  and  half  from  the  other. 

Formation  of  the  tissues. — It  appears  to  be  established  beyond 
doubt  that  new  cells  can  only  be  formed  from  pre-existing  cells. 
In  the  early  embryo  the  whole  body  is  an  agglomeration  of  cells. 
These  have  all  been  formed  from  the  ovum  or  egg-cell  (fig.  32),  which, 
after  fertilisation,  divides  first  into  two  cells,  these  again  into  two,  and 
so  on  until  a  large  number  of  cells  (embryonic  cells)  are  produced. 
These  form  at  first  an  outer  clear  stratum  lying  at  the  surface  (fig.  33,  sz) 
and  a  darker  granular  mass  (i)  attached  to  this  layer  at  one  part,  but 
elsewhere  separated  from  it  by  clear  fluid.  Eventually  the  cells  of  the 
inner  mass  arrange  themselves  in  the  form  of  a  membrane  (blastoderm) 
which  is  composed  of  three  layers.  These  layers  are  known  respectively 
as  the  ectoderm,  mesoderm,  and  entoderm.  The  ectoderm  gives  rise  to 
most  of  the  epithelial  tissues,  and  to  the  tissues  of  the  nervous  system ; 


jk.  ape- 


Fig.  34. — Section  of  blastoderm  showing  the  commencing  formation  of 

THE  MESODERM.  (Kolliker.) 

,  uctoderm  ;  liy,  entoderm  ;  me,  mesoderm  ;  ax,  axial  part  of  ectoderm  with  cells  under- 
going division  (k).    The  mesoderm  is  growing  from  this  part. 


the  entoderm  to  the  epithelium  of  the  alimentary  canal  (except  the 
mouth),  and  the  glands  in  connection  with  it ;  and  the  mesoderm  to  the 
connective  and  muscular  tissues. 

The  tissues  are  formed  either  by  changes  Avhich  occur  in  the  inter 
cellular  substance,  or  by  changes  in  the  cells  themselves;  frequently 
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by  both  these  processes  combined.  Amongst  the  cells  which  are  least 
altered  from  their  embryonic  condition  are  the  white  corpuscles  of  the 
blood ;  these  may  be  regarded  therefore  as  typical  animal  cells. 

The  histogenetical  relation  between  the  three  layers  of  the  blasto- 
derm and  the  several  tissues  and  organs  of  the  body  is  exhibited  in 
the  following  table  : — 

The  epithelium  of  the  skin  or  cindermis,  and  its  appendages,  viz.,  the  hairs,  nails, 

sebaceous  and  sweat  glands,  and  mammary  glands. 
The  epithelium  of  the  mouth,  and  the  epithelium  of  the  anus  and  anal  canal. 
The  salivary  and  other  glands  which  open  into  the  mouth.    The  enamel  of  the 

teeth.    The  gustatory  organs. 
The  epithelium  of  the  lower  part  of  the  urethra  and  vagina. 

The  epithelium  of  the  nasal  passages,  and  of  the  cavities  and  glands  which  open 
into  them. 

The  epithelium  covering  the  front  of  the  eye.  The  epithelium  of  the  lacrymal 
canals  and  lacrymal  glands.  The  crystalline  lens.  The  retina.  The  pars 
ciliaris  retinas  and  the  pars  iridica  retina}.  The  sphincter  and  dilatator 
pupillfe  muscles. 

The  epithelium  lining  the  membranous  labyrinth  of  the  ear.    The  epithelium 

lining  the  external  auditory  meatus. 
The  epithehum  lining  the  central  canal  of  the  spinal  cord,  the  aqueduct  of  Sylvius, 

and  the  fourth,  third,  and  lateral  ventricles  of  the  brain. 
The  tissues  of  the  nervous  system. 
^The  pituitary  body.    The  pineal  gland.    The  medulla  of  the  suprarenal  capsules. 

^The  connective  tissues. 
The  blood-  and  lymph-corpuscles. 
The  spleen  and  other  vascular  and  lymphatic  glands. 
The  cortex  of  the  supi-arenal  capsules. 

The  epithelial  lining  of  the  heart,  blood-vessels,  lymphatics,  and  serous  mem- 
branes (endothelium). 

fjf     A  ■     J  1'^^  epithelium  of  the  uriniferous  tubules,  and  that  of  the  ureters  and  renal  pelves. 
Mesoaerm.  <        epithelium  of  the  internal  g^enerative  organs,  including  that  of  the  testis  and 
its  ducts,  and  that  of  the  prostatic  vesicle,  and  the  generative  products  in  both 
sexes. 

The  epithelium  of  the  ovary,  Fallopian  tubes,  and  uterus,  and  the  upper  part  of  the 
vagina. 

The  muscular  tissues,  voluntary,  involuntary,  and  cardiac  (exceijt  the  plain 
muscles  of  the  iris  and  of  the  sweat  glands).i 

^The  epithelium  of  the  alimentary  canal  (from  the  pharynx  to  the  lower  end  of 
the  rectum)  and  of  all  the  glands  which  open  into  it  (including  the  liver  and 
pancreas). 

The  epithelium  of  the  Eustachian  tube  and  cavity  of  the  tympanum. 
The  epithelium  of  the  laryu.x,  trachea,  and  bronchi,  and  of  all  their  x-amifi cations. 
Entoderm.  -(  The  epithelium  of  the  pulmonary  alveoli. 

The  thyroid  body  and  parathyroids.  The  reticulum  and  the  concentric  corpuscles  of 
the  thymus  gland. 

The  epithelium  of  the  urinary  bladder,  of  the  female  urethra,  and  of  the  lower  part 
of  the  vagina. 

^The  epithelium  of  the  proximal  part  of  the  male  urethra  and  its  glands. 


1  All  the  connective  tissues,  the  endothelium  (mesothelium)  of  the  vascular  system,  and 
the  vascular  and  lymphatic  glands  are  formed  from  a  special  part  of  the  mesoderm  termed 
mesenchyme,  which  consists  of  a  syncytium  of  branched  cells  with  a  homogeneous  iiitercellular 
matrix.  Plain  muscular  tissue  is  for  the  most  part  also  formed  from  mesenchyme,  but 'in 
certain  situations,  as  in  the  sweat  glands  and  muscular  tissue  of  the  iris,  it  is  said  to  be  ecto- 
dermal in  origin. 
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LESSON  I. 


USE  OF  THE  MICROSCOPE.    EXAMINATION  OF 
CERTAIN  COMMON  OBJECTS. 


Fig.  35.— Diagram  of  microscope. 


The  requisites  for  practical  histology 
are  a  good  compound  microscope  ;  slips 
of  glass  technically  known  as  '  slides,' 
upon  which  the  preparations  are  made  ; 
pieces  of  thin  glass  used  as  covers  for 
the  preparations ;  a  few  instruments, 
such  as  a  microtome,  a  scalpel,  .scissors, 
forceps,  and  needles  mounted  in  wooden 
handles ;  and  a  set  of  fluid  re-agents 
for  mounting  and  staining  microscopic 
preparations.-*  .A  sketch-book  and  pencil 
are  also  necessary,  and  must  be  con.stantly 
employed.  | 

The  microscope  (fig.  35)  consists  of  a 
tube  {t  t')  160  millimeters  (6'4  inches)  long 
having  two  systems  of  lenses,  one  at  the 
upper  end  termed  the  '  eye-piece '  or 
'  ocular '  (oc),  the  other  at  the  lower  end 
termed  the  'objective'  {ohj).  For  ordi- 
nary work  there  should  be  at  least  two 
objectives — a  low  power  working  at  about 
8  millimeters  (j^  inch)  from  the  object, 
and  a  high  power,  having  a  focal  dis- 
tance of  about  3  millimeters  (|-  inch)  ; 
it  is  useful  also  to  have  a  lower  power 
(commanding  a  larger  field  of  view)  for 
finding  objects  readily,  and  two  or  more 
oculars  of  different  magnification.  The 
focus  is  obtained  by  cautiously  bringing 
the  tube  and  lenses  down  towards  the 
object  by  the  coarse  adjustment,  which 
is  usually  a  rack-and-pinion  movement 
{adj),  and  focussing  exactly  by  the  fine 
adjustment,  which  is  always  a  finely  cut 
screw  {adj'). 

The  stage  {st)  upon  which  the  prepar- 
ations are  placed  for  examination,  the 
mirror  («i)  which  serves  to  reflect  light 
up  through  the  central  aperture  in  the 
stage  and  along  the  tube  of  the  instrument, 
and  the  diaphragm  (o?)  below  the  stage 
which  is  used  to  regulate  the  amount 


1  The  directions  for  making  the  principal  fluids  used  in  histological  work  will  be 
found  in  the  Appendix. 
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of  light  thus  thrown  up,  are  all  parts  the  employment  of  which  is  readily 
understood.  A  substage  condenser  (not  shown  in  the  diagram),  Avhich 
serves  to  concentrate  the  light  thrown  up  by  the  mirror  to  the  centre 
of  the  object,  is  valuable  when  high  powers  and  stained  preparations  are 
employed. 

The  combinations  of  objectives  and  oculars  above  referred  to  will 
generally  give  a  magnifying  power  of  from  50  to  400  diameters,  and  this 
fs  sufficient  for  most  purposes  of  histology.  But  to  bring  out  minute 
points  of  detail  in  the  structure  of  cells  and  of  certain  tissues  examination 
with  much  higher  magnifying  powers  may  be  necessary.  Objectives  of 
high  power  are  usually  made  as  immersion-lenses  ;  i.e.  they  are  constructed 
to  form  a  proper  image  of  the  object  when  the  lowermost  lens  of  the 
system  is  immersed  in  a  layer  of  liquid  which  lies  on  the  cover-glass  of 
the  object  and  has  a  refractive  index  not  far  removed  from  that  of  the 
glass  itself.  For  this  purpose  either  water  or  an  essential  oil  (oil  of  cedar- 
wood)  is  used.  The  advantages  obtained  by  the  employment  of  these  lenses, 
especially  those  for  oil-immersion,  ai'e :— increased  working  distance  from 
the  object,  increased  angle  of  aperture  with  sharper  definition  of  the  object, 
and  increased  amount  of  light  traversing  the  microscope. 

The  best  lenses  for  histological  work  are  made  of  the  so-called  '  apochro- 
matic '  glass  ;  specially  constructed  '  compensating  '  eye-pieces  are  used  with 
these. 

A  scale  for  measuring  objects  should  be  constructed  for  each  microscope. 
To  do  this,  put  a  stage-micrometer  (which  is  a  glass  slide  ruled  in  the  centre 
with  lines  -^^  and  millimeter  apart)  under  the  microscope  in  such  a 
manner  that  the  lines  rim  from  left  to  right  (the  microscope  must  not  be 
inclined).  Focus  them  exactly.  Put  a  piece  of  white  card  on  the  table  at 
the  right  of  the  microscope.  Look  through  the  instrument  with  the  left 
eye,  keeping  the  right  eye  open.  The  lines  of  the  micrometer  will  appear 
projected  upon  the  paper.  Mark  their  apparent  distance  with  pencil  upon 
the  card,  and  afterwards  make  a  scale  of  lines  in  ink,  of  the  same  interval 
apart.  A  magnified  representation  is  thus  obtained  of  the  micrometer 
scale.  Mark  upon  it  the  number  of  the  eye-piece  and  of  the  objective, 
and  the  length  of  the  microscope-tube.  This  scale-card  will  serve  for  the 
measurement  of  any  object  Avittout  the  further  use  of  the  micrometer. 
To  measure  an  object,  place  the  scale-card  upon  the  table  to  the  right  of 
the  microscope  and  view  the  object  with  the  left  eye,  keeping  the  right 
eye  open.  The  object  appears  projected  upon  the  scale,  and  its  size  in  ^ 
or  of  a  millimeter  can  be  read  off.  It  is  essential  that  the  same 
objective  and  eye-piece  should  be  employed  as  were  used  in  making  the 
scale,  and  that  the  microscope  tube  should  be  of  the  same  length.  The  lines 
on  English  stage-micrometers  are  usually  ruled       and  ycjVo  i^^h  apart.^ 

Before  beginning  the  study  of  histology  the  student  should  endeavour 
to  familiarise  himself  with  the  use  of  the  microscope,  and  at  the  same 
time  learn  to  recognise  some  of  the  chief  objects  which  are  liable  to  occur 
accidentally  in  microscopic  specimens.  On  this  account  it  has  been  con- 
sidered desirable  to  introduce  directions  for  the  examination  and  recogni- 
tion of  starch-granules,  moulds  and  torulEe,  air-bubbles,  linen,  cotton,  and 
Avoollen  fibres,  and  the  usual  constituents  of  the  dust  of  a  room,  into  the 
first  practical  lesson  (fig.  36). 

1.  Examination  of  starch-granules.  Gently  scrape  the  cut  surface  of  a 
potato  with  the  point  of  a  knife  ;  shake  the  starch-granules  so  obtained 
into  a  drop  of  water  upon  a  clean  slide  and  apjily  a  cover-glass. 

With  the  low  power  the  starch  granules  look  like  dark  specks  differing 

■For  the  method  of  measuring  with  an  ocular  micrometer,  and  for  determining 
the  magnifying  power  of  a  microscope,  the  reader  is  referred  to  the  author's 
Course  of  Practical  Histology. 
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Fig.  36.— Objects  which  may  be  accidentally  pkksent  in  microscopic 

preparations. 

1,  Starch  granules ;  2,  a  small  air  bubble  and  part  of  a  large  one ;  3,  yeast  torulse  ;  4,  a 
mould  (Aspergillu.s  glaucus) ;  5,  linen  fibres ;  6,  cotton  fibres*;  7,  wool ;  8,  hair, 
human;  9,  epithelium  scales;  10,  micrococci;  11,  bacilli  and  spores  (B.  subtilis). 
Magnified  about  250  diameters. 
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considerably  in  size ;  under  the  high  power  they  are  clear,  flat,  ovoid 
particles  (fig.  36,  1),  with  a  sharp  outline  when  exactly  focussed.  Notice 
the  change  in  appearance  of  the  outline  as  the  microscope  is  focussed  up 
and  down.  On  close  examination  fine  concentric  lines  are  to  be  seen  m  the 
granules,  arranged  around  a  minute  spot  which  is  generally  placed  eccen- 
trically near  the  smaller  end  of  the  granule.  Sketch  two  or  three  starch 
granules. 

Notice  the  appearance  of  air-bubbles  in  the  water  (fig.  36,  2).  It  com- 
paratively large  they  are  clear  in  the  middle,  with  a  broad  dark  border  due 
to  refraction  of  the  light ;  if  small  they  may  look  entirely  dark. 

Pass  a  drop  of  dilute  iodine  solution  under  the  cover-glass,  and  observe 
the  staining  of  the  starch  granules. 

2.  Examine  some  yeast  which  has  been  grown  in  solution  of  sugar. 
Observe  the  yeast-particles  or  torulee,  some  of  them  budding  (fig.  36,  3). 
Each  torula  contains  a  clear  vacuole,  and  has  a  well-defined  outline,  due  to  a 
membrane.    Sketch  two  or  three  torulse.. 

3.  Examine  some  mould  in  water.  Notice  the  long  branching  filaments 
(hyphc-e),  and  also  the  torula-like  particles  (spores)  from  which  hyphte  may 
in  some  instances  be  seen  sprouting  (fig.  36,  4).    Sketch  part  of  a  hypha. 

4.  Examine  fibres  of  linen  and  of  cotton  in  water,  using  a  high  power. 
Compare  the  well-defined,  rounded,  relatively  straight  or  but  slightly 
twisted  linen,  with  the  longer,  broader  but  thinner,  and  more  twisted 
cotton  fibres  (fig.  36,  5,  6).    Sketch  one  of  each  kind. 

5.  Mount  one  or  two  hairs  from  the  head  in  water  and  look  at  them  first 
with  the  low,  then  with  the  high  power  (fig.  36,  8).  Examine  also  fibres 
from  any  woollen  material  and  comi^are  them  with  the  hairs.  They  have 
the  same  structure,  although  the  wool  is  finer  and  is  curled  (fig.  36,  7)  ;  its 
structure  may  be  obscured  by  the  dye.    Draw  one  or  two  of  each. 

6.  Examine  a  drop  of  hay  infusion,  which  has  been  standing  a  day  or  two, 
for  bacteria  and  other  putrefactive  organisms  (fig.  36,  10,  11).  The  active 
movements  which  these  exhibit  are  due  to  minute  cilia  or  flagella,  which  can 
onl}'  be  made  visible  by  special  staining  methods  and  a  very  high  magni- 
fying power.  Notice  that  minute  particles,  organic  or  inorganic,  which 
occur  in  this  or  other  fluids  may  be  seen  to  exhibit  a  peculiar  tremulous 
dancing  movement  which  is  known  as  the  '  Brownian '  movement. 

7.  Examine  some  dust  of  the  room  in  water  with  a  high  j)ower.  In 
addition  to  groups  of  black  particles  of  carbon  (soot)  there  will  probably 
be  seen  fibres  of  linen,  cotton,  or  wool,  and  shed  epithelium-cells  (fig.  36,  9) 
derived  from  the  epidermis. 

8.  Examine  a  drop  of  milk  with  the  high  power.  Notice  the  particles  of 
ci-eani.  Their  fatty  nature  is  shown  by  their  high  refracting  power,  and  by 
their  staining  reactions  with  dyes  which  have  a  special  affinity  for  fats,  such 
as  osmic  acid  or  Soudan  III. 
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LESSONS  II  AND  III. 
STUDY  OF  THE  HUMAN  DLOOD-CORPUSCLES. 

1.  Having  cleaned  a  slide  and  cover-glass,  prick  the  finger  above  the  nail 
or  on  the  pulp,  and  mount  the  small  drop  of  blood  which  issues  from  the 
prick  as  quickly  as  possible,  so  that  it  Las  time  neither  to  dry  nor  to  coagulate. 
Examine  it  at  once  with  the  high  power.  " 

Note  (a)  the  coloured  corpuscles  mostly  in  rouleaux  and  clumps,  but  some 
lying  apart  seen  flat  or  in  profile  ;  (6)  the  colourless  corpuscles,  easily  made 
out  if  the  cover-glass  is  touched  by  a  needle,  on  account  of  their  tendency  to 
stick  to  the  glass,  whilst  the  coloured  corpuscles  are  driven  past  by  the 
currents  set  up  ;  (c)  in  the  clear  spaces,  fibrin-filaments  and  elementary 
particles  or  blood-platelets. 

Sketch  a  roll  of  coloured  corpuscles  and  one  or  two  colourless  corpuscles. 
Count  the  number  of  colourless  corpuscles  in  a  field  of  the  microscoi^e. 

2.  To  be  made  as  in  §  1,  but  the  drop  of  blood  is  to  be  mixed  upon  the  slide 
with  an  equal  amount  of  isotonic  salt  solution  ^  so  that  the  red  corpuscles 
tend  to  be  less  massed  together,  and  their  peculiar  shape  is  better  displayed. 

Sketch  a  red  corpuscle  seen  on  the  flat  and  another  in  profile  (or  optical 
section).    Also  a  crenated  corpuscle. 

Measure  ten  red  corpuscles,  and  from  the  results  ascertain  the  average 
diameter  of  a  corpuscle.  Measure  also  the  largest  and  the  smallest  yo>i  can 
find. 

3.  Make  a  preparation  of  blood  as  in  §  1  and  jiut  it  aside  to  coagulate. 
Keep  the  edges  from  drying  by  placing  it  in  a  moist  chamber  or  by  occasion- 
ally breathing  upon  it.  After  a  few  minutes  place  a  drop  of  1  p.c.  methyl 
violet  at  one  edge  of  the  cover  and  allow  this  to  pass  in  and  mix  with  the 
blood  :  it  may  be  drawn  through  the  preparation  by  appl_ying  a  A'ery  small 
fragment  of  blotting  paper  to  the  opposite  edge.  The  dye  stains  the  nuclei  of 
the  white  corpuscles,  the  blood-platelets,  the  network  of  fibrin-filaments,  and 
the  membranes  of  the  red  blood-corpuscles. 

The  three  preparations  just  described  cannot  be  kept,  but  the  two  follow- 
ing will  serve  as  jjermanent  preparations  of  blood  : — 

4.  To  fix  and  stain  the  coloured  corpuscles  : — Place  upon  a  slide  a  drop  of 
1  p.c.  osmic  acid  mixed  with  an  equal  amount  of  saturated  aqueous  solution 
of  eosin.  Prick  the  finger,  and  mix  the  blood  dii-ectly  with  the  coloured 
fluid,  stirring  them  together  with  a  needle.  Cover  the  mixture  and  put 
aside  for  an  hour,  protected  from  evaporation  ;  then  place  a  very  small  drop 
of  glycerine  and  water  at  the  edge  of  the  cover-glass.  Wlien  this  has  passed 
under,  i.e.  in  about  half  an  hour  or  more,  fix  the  cover-glass  with  gold  size. 

5.  To  study  the  granules  of  the  colourless  corpuscles  and  their  different 
reactions  to  staining  reagents,  a  film  of  blood  is  inclosed  between  two  cover- 

^  A  solution  of  sodium  chloride  containing  from  7 "5  to  9  grammes  to  the  litre. 
Ringer's  solution  may  also  be  used.  This  is  made  by  saturating  normal  or  isotonic 
salt  solution  with  calcium  phosphate,  and  adding  ten  milligrammes  of  potassium 
chloride  to  each  litre. 
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glasses,  which  are  at  once  separated  and  the  fihn  on  each  quickly  dried  in  the 
air.  A  slide  may  be  used  instead  of  a  cover-glass  ;  the  drop  of  blood  is  placed 
close  to  the  ground  edge  of  one  slide  and  this  is  drawn  evenly,  over  the 


Fig.  37  .v.  — H.e.macytometkk  slide,  ruled  in  squares  for  the  enumeration 

of  blood-corpuscles. 


Fig.  37  b.— Diagram  of  a  section  through  the  h/Emacttometer  slide. 


middle  of  another.  The  films  are  fixed  by  immersion  for  one  hour  or  more 
in  a  mixture  of  alcohol  and  ether,  equal  parts  of  each.  A  more  rapid  but 
less  sure  method  of  fixation  is  to  pass  the  slide  two  or  three  times  rapidly 
over  the  flame  of  a  spirit  lamp.    The  film  is  then  stained  by  (1)  a  saturated 
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Fig.  38.— Appearance  of  the  squares  of  the  thoma-zeiss  H;Kmaoytombter 
when  used  for  a  blood-count.    Magnified  200  diameters. 


solution  of  eosin  in  75  p.c.  alcohol  (three  minutes),  after  which  it  is  rinsed 
with  water,  and  treated  with  (2)  a  1  p.c.  solution  of  methylene  blue  (one 
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in"]vlnn.  J^'^  "^"'i'*'  '"""'""i  ""'^'^  '■''^Pidly  dried,  and  mounted 

in  xylol  balsam  or  dammar.^ 

'"'l'"^'"  dammar  sections  of  marrow  from  a  lon^ 
bone  (rabbit)  fixed  with  mercuric  chloride  or  foi-mol  and  stained  with 
eosin  and  methylene  bhie.  Observe  the  fat-cells,  the  supporting  reticular 
"  "  tissue,  the  proper  marrow-cells  in  this  tissue, 

the  myeloplaxes  and  the  erythroblasts. 

/.  Tease  in  salt  solution  or  serum  some  of  the 
red  marrow  from  the  rib  of  a  recently  killed 
animal.  Observe  and  sketch  the  proper  marrow 
cells  (myelocytes)  and  look  for  myeloplaxes 
(giant-cells)  and  nucleated  coloured  blood- 
corpuscles  (erythroblasts). 

8.  Make  a  film  prejjaration  of  red  marrow- 
by  sniearing  a  little  upon  a  cover-glass  or  slide, 
allowing  it  to  dry  quickly,  and  placing  it  in  a 
mixture  of  equal  parts  of  ether  and  alcohol. 
After  an  hour  or  more  in  this,  the  preparation 
niay  be  stained  with  eosin  and  methylene  blue 
in  exactly  the  same  way  as  a  film  prejmration 
of  blood  (see  §  5),  and  mounted  in  xylol  balsam 
or  dammar. 

9.  Enumeration  of  the  blood-corpuscles.  This 
is  done  by  some  form  of  blood-counter  such  as 
the  hiBmacytometer  of  Gowers,  or  the  similar 
apjDaratus  of  Thoma.  This  instrument  consists 
of  a  glass  slide  (fig.  37),  the  centre  of  which  is 
occupied  by  a  small  glass  plate  having  its  upper 
surface  ruled  into  ^  millimeter  squares,  sub- 
divided into  smaller  portions  to  facilitate 
enumeration,  and  surrounded  by  a  glass  ring 
j^o  mm.  thicker  than  the  ruled  glass  plate  (in 
Gowers'  instrument,  the  ruling  is  into  1  mm. 
squares  with  a  ring  I  mm.  thick).  There 
must  also  be  provided  a  pipette  for  measuring 
the  blood,  and  a  mixing  vessel  which  in  Thoma's 
instrument  is  combined  with  the  pipette 
(fig.  3.9).  The  diluting  solution  may  either  be 
that  of  Hayem,  viz.  distilled  water  200  cc, 
sulphate  of  soda  5  grms.,  common  salt  1  grm., 
corrosive  sublimate  0'5  grm.,  or  that  of  Marcauo, 
viz.  97  cc.  of  a  solution  of  sulphate  of  soda  (in 
distilled  water)  of  sp.  gr.  1020,  to  which  is  added 
chloride  of  sodium  1  grm.,  and  formol  3  cc. 
The  finger  is  jaricked,  and  the  pijjette  filled 
exactly  with  blood  up  the  1  mark.-  The  pipette 
is  then   filled  with   diluting  solution  up  to 

the  101  mark,  the  blood  being  thereby  drawn  up  into  the  mixing  vessel, 

'  Other  stains,  such  as  Leishman's,  Ehrlich's  tri-acid,  and  the  Ehrlich-Biondi, 
may  also  be  employed  for  films.    These  require  only  one  operation. 

^In  Gowers'  apparatus  one  pipette  is  used  for  measuring  the  blood  and 
another  for  the  diluting  fluid,  and  the  two  are  mixed  in  a  small  glass  vessel  with 
the  aid  of  a  glass  rod ;  these  are  easier  to  clean  tlian  the  combined  measuring  and 
mixing  pipette  of  the  Thoma  apparatus. 


Fig.  39.— Pipette  used  kor 
the  thoma-zeiss  h.'eima- 
cytometer. 
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where  it  is  thoroughly  mixed  with  the  solution  by  shaking  the  included 
<^lass  ball  (fig.  39).  It  is  thus  diluted  100  times.  After  expelling  the  clean 
Suid  in  the  capillary  part,  a  drop  of  the  mixture  is  placed  in  the  centre  ot 
the  cell,  and  the  cover-glass  is  gently  laid  on  so  as  to  touch  the  drop  which 
thus  forms  a  layer  mm.  thick  between  the  ruled  glass  plate  and  cover- 
glass.  In  a  few  minutes  the  corpuscles  have  sunk  to  the  bottom  of  the  layer 
of  lluid  and  rest  on  the  squares  (fig.  38).  The  number  in  ten  of  the  ^,7  i}ini. 
squares  is  then  counted,  and  this,  multiplied  by  100,  gives  the  number  in  a 
cubic  millimeter  of  the  mixture,  or  if  again  multiplied  by  100  (the  amount 
of  dilution)  the  number  in  a  cubic  millimeter  of  blood. 

For  the  enumeration  of  the  white  corpuscles  the  blood  is  diluted  only  10 
times  instead  of  100  times.  It  is  also  convenient  to  use  one  half  per  cent, 
solution  of  acetic  acid  just  coloured  with  methyl  violet  as  a  diluent  (Thoma). 
This  destroys  the  coloured  corpuscles  and  stains  the  nuclei  of  the  white. 


The  coloured  blood-corpuscles. — The  coloured  corpuscles  are  com- 
posed of  a  delicate  colourless  highly  elastic  {1  protoplasmic)  envelope, 
and  coloured  flvid  contents,  consisting  mainly  of  a  solution  of  hsemoglobin. 
The  existence  of  such  an  envelope  is  shown  by  the  osmotic  effect  of 
water  upon  the  corpuscle,  which  passing  in  through  the  envelope, 
distends  it,  and  eventually  sets  free  the  contents.  The  description 
which  is  current  in  many  text-books  that  the  red  corpuscles  consist 
of  a  porous  solid  stroma,  permeated  with  dissolved  hsemoglobin,  is 
incompatible  with  this  and  similar  reactions.  Moreover,  the  envelope 
can  be  distinctly  seen  with  the  microscope,  especially  in  the  amphibian 
corpuscle,  and  can  be  stained  by  reagents.  The  envelope  contains 
lipoid  substances  in  considerable  amount,  and  these  substances  impart 
a  certain  greasiness  to  the  surface  of  the  corpuscle.  It  is  in  all  pro- 
bability due  to  such  greasiness  that  the  corpuscles  run  together  into 
rouleaux  when  the  blood  comes  to  rest  (see  p.  50). 

Under  the  microscope  blood  is  seen  to  consist  of  a  clear  fluid 
(plasma),  in  which  are  suspended  the  blood-corpuscles  (fig.  40).  The 
latter  are  of  two  kinds  :  the  7~ed  or  coloured  (erythrocytes),  which  are 
by  far  the  most  numerous,  and  the  white,  pale,  or  colourless  (leucocytes). 
In  addition  to  these  more  obvious  corpuscles,  blood  contains  a 
variable  number  of  minute  particles  which  were  termed  by  Zimmer- 
mann  the  elementary  particles  of  the  blood,  but  which  are  now  more 
usually  known  as  the  blood-platelets  on  account  of  their  flattened  form. 

Erythrocytes. — When  seen  singly  the  coloured  corpuscles  are  not 
distinctly  red,  but  appear  of  a  reddish-yellow  tinge.  In  the  blood 
of  man  and  of  all  other  mammals,  except  the  Camelidse,  they  are 
biconcave  circular  disks.  Their  central  part  usually  has  a  lightly 
shaded  aspect  under  a  moderately  high  power,  but  this  is  due  to  their 
biconcave  shape,  not  to  the  presence  of  a  nucleus.    They  have,  as  just 
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stated,  a  strong  tendency  to  become  aggregated  into  rouleaux  and 
clumps  when  the  blood  is  at  rest,  but  if  it  is  disturbed  they  readily 
become  separated. 

If  the  density  of  the  plasma  is  increased  in  any  way,  as  by  evapora- 
tion, many  of  the  red  corpuscles  become  shrunken  and  crenated  by 


Fig.  40.— Human  red  blood-corpuscles  :  Photograph.    Magnified  650  diameters. 


the  passage  of  water  out  of  the  corpuscle.  On  the  other  hand,  a 
diminution  in  the  density  of  the  plasma  tends  to  cause  the  red 
corpuscles  to  become  cup-shaped,  but  it  is  erroneous  to  describe  this  as 
the  normal  form  of  the  corpuscle,  although  there  are  a  certain  number 
of  cup-shaped  corpuscles  to  be  seen  in  the  circulating  blood  when  this 
is  examined  in  transparent  parts  of  animals.  By  far  the  largest 
number,  however,  are  biconcave. 

The  average  diameter  of  the  human  red  corpuscle  is  0-0075  milli- 
meter 1  (about  3  2V0  inch),  but  a  few  will  always  be  found  somewhat 
larger  (0-0085)  and  a  few  somewhat  smaller  (0-0065  mm.).- 

There  are  from  four  to  five  millions  of  coloured  corpuscles  in  a 
cubic  millimeter  of  blood. 

Leucocytes. — The  colourless  corpuscles  of  human  blood  are  proto- 
plasmic cells,  averaging  0-01  mm.  (o-Vo  ^^^^)  diameter  when 
spheroidal,  but  they  vary  much  in  size  and  shape.     They  are  far 

1  Also  expressed  as  7 "5  /a  «i'  microns  ;  <a  micron  being  xAtt  millimeter. 

2  The  following  list  gives  the  diameter  in  parts  of  a  millimeter  of  tlie  red  blood- 
corpuscles  of  some  of  the  common  domestic  animals  : — Dog,  0-0073  ;  rabbit, 
0-0U69  ;  cat,  0-0065  ;  goat,  0-0041. 
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fewer  than  the  coloured  corpuscles,  usually  numbering  not  more  than 
eight  to  ten  thousand  in  a  cubic  millimeter  (about  1  to  600  red  cor- 
puscles). Moreover,  they  are  specifically  lighter,  and  tend  to  come  to 
the  surface  of  the  preparation.  If  examined  immediately  the  blood  is 
drawn,  they  are  spherical  in  shape,  but  soon  become  flattened  and 
then  irregular  in  form  (fig.  3),  and  their  outline  continually  alters, 
owing  to  the  amoeba-like  changes  to  which  they  are  subject.  In  some 
kinds  {phagocytes)  the  protoplasm  tends  to  take  in  foreign  particles  with 
which  the  cells  come  in  contact ;  in  others  there  seems  to  be  little  or  no 
such  tendency.  Some  of  the  colourless  corpuscles  are  very  pale  and 
filled  with  fine  granules,  others  contain  coarser  and  more  distinct 
granules  in  their  protoplasm ;  others  again  have  a  hyaline  protoplasm 
without  any  apparent  granules.  In  some  corpuscles  (It/viphocytes) 
the  protoplasm  forms  only  a  relatively  small  proportion  as  compared 
with  the  nucleus. 

Leucocytes  are  classified  according  to  the  character  and  appearance 
of  the  nucleus  and  the  nature  and  staining  qualities  of  the  granules  in 
their  protoplasm.  Some  granules  are  readily  stained  by  basic  dyes 
such  as  methylene  blue;  such  granules  are  accordingly  termed  basiphil. 
Distinct  coarse  basiphil  granules  are,  however,  rare  in  normal  blood, 
although  cells  with  these  granules  are  normally  present  in  the  marrow 
and  in  some  connective  tissues,  and  make  their  appearance  in  the 


Fig.  41.— Two  leucocttes  of  lepidosirkn,  showing  attraction-sphehe 

(T.  H.  Btyce.) 
A,  a  inacrooyto  with  kidney-sbaped  nucleus. 
B,  a  polymorph,  with  lobed  nuplous  (the  threads  of  chromatin  joining  the  lobes  are  not  shown). 

blood  in  leucocythsemia.  On  the  other  hand,  some  granules  more 
readily  take  up  colour  from  acid  dyes,  such  as  eosin ;  these  have  been 
termed  oxyphil  or  eosinophil.  ■  Others  possess  granules  (amphophil)  which 
are  stained  by  both  acid  and  basic  dyes ;  and  others  chiefly  by  neutral 
dyes  (neutrophil).  In  some  cells  more  than  one  kind  of  granule  is  met 
with.   The  protoplasm  may  also  contain  clear  spaces  or  vacuoles.  Each 
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leucocyte  has  at  least  one  nucleus,  which  is  difficult  to  see  in  a  fresh 
preparation,  but  is  easily  seen  after  the  action  of  most  reagents  and 
after  staining.  There  is  also  a  centrosome  with  attraction-sphere 
(fig.  41,  and  fig.  11,  p.  9),  but  special  methods  of  staining  are  necessary 
to  exhibit  these. 

The  following  are  the  chief  varieties  of  leucocytes  : — 1.  Polymorphs. 
Cells  with  lobed  or  multipartite  nuclei  and  a  relatively  large  amount 
of  protoplasm,  which  is  highly  amoeboid.  These  are  often  termed 
multi-(poly-)uuclear,  but  the  nucleus  is  rarely  if  ever  multiple,  its 
several  parts  being  nearly  always  joined  by  threads  of  nuclear 
substance.  The  cells  in  question  vary  in  size,  but  when  spherical  are 
usually  not  quite  O'Ol  mm.  in  diameter.     Their  protoplasm  stains 


Fig.  42.— Various  kinds  of  colourless  corpuscles,  showing  the  different 
CHARACIKKS  OF  THE  GRANULES.  (From  a  film  preparation  of  normal  human 
blood.)    Two  of  each  kind  have  been  drawn. 


with  eosin,  this  being  due  to  the  presence  of  fine  oxyphil  granules 
(Kanthack  and  Hardy).  They  are  highly  amoeboid  and  phagocytic, 
and  constitute  from  sixty  to  seventy  per  cent,  of  all  the  leucocytes 
of  the  blood  (fig.  42,  a ;  see  also  fig.  67). 

2.  Lymphocytes.— These  are  small  cells,  with  a  limited  amount  of 
clear  protoplasm  around  the  nucleus,  which  is  simple,  not  lobed  or 
divided  (fig.  42,  b ;  see  also  fig.  15).  The  amosboid  phenomena  are 
less  marked  in  them  than  in  the  other  varieties  of  leucocytes. 
The  protoplasm  stains  with  methylene  blue.  They  are  about  0-00G5 
mm.  in  diameter,  but  some  are  larger  and  appear  to  be  transitional 
between  this  and  the  next  variety.  They  constitute  from  fifteen  to 
thirty  per  cent,  of  the  total  number  of  leucocytes  in  the  bldod.  They 
are  relatively  more  numerous  in  infiincy. 

3.  Macrocytes.— Large  uninucleated  cells  similar  to  the  last,  but 
larc^cr,  and  containing  much  more  protoplasm  (fig.  42,  c).    Some  of 
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these  which  are  smaller  are  regarded  as  transitional  forms  from  the 
last  variety.  The  nucleus  may  be  spherical,  oval,  or  kidney-shaped. 
The  protoplasm  is  hyaline;  it  stains  slightly  with  methylene  blue, 
perhaps  owing  to  very  fine  basiphil  granules.  These  cells  are 
amoeboid  and  phagocytic.  Including  the  transitional  forms,  they 
constitute  about  five  per  cent,  of  all  the  leucocytes  in  blood. 

4.  Oxyphils.— These  are  characterised  by  their  coarse  granules, 
which  stain  deeply  with  acid  dyes,  such  as  eosin.  Their  average 
diameter  in  the  spherical  condition  is  0  01  mm.  The  nucleus  may 
be  simple  or  lobed  (fig.  42,  d ;  see  also  fig.  69).  They  are  amoeboid, 
but  less  actively  so  than  the  finely  granular  cells.  They  are  more 
variable  in  number  than  the  other  varieties,  constituting  sometimes 
not  more  than  one  per  cent.,  and  at  other  times  as  much  as  ten  per 
cent,  of  the  total  leucocytes  of  blood. 

5.  BasijMls.— These  are  rarely  if  ever  found  in  normal  blood  (adult), 
but  occur  in  children,  and  in  certain  pathological  conditions  aff"ecting 
the  bone  marrow. 

Blood-platelets — In  the  clear  fluid  in  which  the  blood-corpuscles  are 
suspended,  a  network  of  fine  straight  intercrossing  filaments  (fibrin) 
soon  makes  its  appearance  (fig.  4.3).  These  often  seem  to  radiate  from 
minute  round  colourless  discoid  particles  less  than  one-third  the  diameter 
of  a  red  corpuscle,  either  separate  or  collected  into  groups  or  masses, 
of  variable,  sometimes  of  considerable,  size.  These  are  the  elementari/ 
particles,  blood-platelets,  or  thrombocytes.  In  the  blood-vessels  they  are 
discrete,  but  immediately  clump  together  in  drawn  blood  (fig.  45). 
If,  however,  the  blood  is  examined  on  agar  jelly  containing  certain  salts 
in  definite  proportions,  the  platelets  can  be  kept  separate,  and  may 
then  be  submitted  to  very  high  powers  of  the  microscope.  The  result 
of  such  examination  seems  to  show  that  the  blood-platelets  are  not 
mere  inert  particles,  as  has  generally  been  supposed,  but  that  they  are 
protoplasmic  and  amoeboid,  and  that  each  one  contains  a  nucleus 
(fig.  46) ;  that  they  are  in  fact  minute  cells  (Deetjen).  Blood-platelets 
vary  greatly  in  number :  they  are  estimated  by  Brodie  and  Russell  to 
amount  to  from  5  millions  to  45  millions  in  the  cubic  centimeter  of 
blood. 

After  blood  is  drawn,  and  when  it  comes  in  contact  with  foreign 
matter  or  injured  tissue,  the  blood-platelets  undergo  a  remarkable 
change,  giving  ott"  viscid  threads  which  adhere  together,  and  also  fix 
themselves  to  adjacent  structures.  This  will  be  again  referred  to  when 
amphibian  blood  is  dealt  with. 

Fatty  particles,  derived  from  the  chyle,  may  also  occur  in  the 
plasma. 
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Development  of  red  blood-corpuscles.— In  the  mesoderm  of  the 
embryo,  at  first  in  that  of  the  yolk  sac  and  subsequently  in  the  hudy 
of  the  embryo,  tlie  blood-corpuscles  make  their  appearance  as  amoeboid 
nucleated  cells,  apparently  derived  by  mitotic  division  from  some  of  the 
ordinary  mesoderm  cells  (fig.  47).  These  are  the  blood-cells  or  primitive 
hcematoblasts.  They  resemble  lymphocytes,  but  after  a  time  the 
protoplasm  of  some  of  them  is  found  to  contain  haemoglobin  (fig.  48) ; 


Fig.  43.— Network  of  ftbrin,  shown 
after  washing  away  the  corpuscles 
from  a  preparation  of  blood  that 
has  been  allowed  to  clot  ;  many  of 
the  filaments  radiate  from  small 
clumps  of  blood-platelets. 
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Fig.  44. —BlOOD-CORPUSOLES  AND  ELEMEN- 
TARY  PARTICLES   OR  BLOOD-PLATELETS, 

WITHIN  A  SMALL  VEIN.    (From  Osier.) 

Fig.  46.— Blood-platelets,  highly 
magnified,  showing  the  amoeboid 
forms  which  they  assume  when 
examined  under  suitable  condi- 
tions, and  also  exhibiting  the 
chromatic  particle  which  each 
platelet  contains,  and  which  has 

BEEN  REGARDED  AS  A  NUCLEUS.  (After 

Kopsch, ) 

Fig.  45  — A  mass  of  blood-platelets, 

FROM  HUMAN  BLOOD.  (Osler.) 

A  few  at  tbe  edge  are  detached  from  tbe  rest. 
The  preparation  had  been  kept  in  salt  solu- 
tion on  the  warm  stage  for  some  time,  thus 
causing  a  partial  breaking  up  of  the  mass  of 
platelets.  'J'hese  will  be  observed  to  have 
filaments  attached  to  them. 

they  may  now  be  .  termed  primitive  erythroblasts.  Soon  after  their 
appearance  they  are  found  to  be  enclosed  within  a  syncytium  of  the 
mesoderm  or  mesenchyme  (fig.  49),  which  forms  a  network,  at  first 
incomplete  but  afterwards  complete,  at  the  nodes  of  which  are  enlarge- 
ments containing  groups  of  the  primitive  erythroblasts.  This  gives  to 
the  tissue  the  appearance  of  isolated  reddish  spots — the  blood- 
islands  of  Pander.  The  network  becomes  hollowed  out  by  an 
accumulation  of  fluid  in  the  syncytial  protoplasm,  and  thus  are 


DEVELOPMENT  OF  BLOOD-COEPUSCLES. 


39 


Fig.  47. — Mesodehm  cells  of  rabbit  embryo,  united  to  form  a  syncytium. 

(Maximow. ) 

1)1,  ordinary  inesoderm  cells  ;  m' ,  a  cell  in  karyokinesis  ;  J,  a  primitive  blood-cell. 
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Fig.  48. — Groups  of  primitive  ehythroblasts  in  mesoderm  of  embryo 

RABBIT.  (Maximow.) 

a,  normobla.st8  ;  orytliroblafttH  ;  ni,  niesodertn  cells  ;  m',  mesoderm  colls  containing 

liiunioglobin  ;  6",  extrusion  of  nucleus  from  an  erytliroblast ;  n,  an  extruded  nucleus  ; 
U,  an  erytlirocyte. 
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Fig.  50.— Part  of  a  blood- vksskl  from  the  yolk  sac  ok  the  rabbit  embryo, 

SHOWING  THE  CHANGES  WHICH  OCCUR  IN  THE  PROCESS  OF  FORMATION  OF 

erythrocytes.    (Maximo  w.) 
n,  a',  a",  megaloblasts :  h,  normoblasts  in  process  of  transfornintion  into  erythroblasts ; 

cells 
phage 
blasts 
extruded. 
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produced  a  number  of  capillary  blood-vessels,  within  which  the 
coloured  nucleated  cells  are  set  free  as  embryonic  blood-corpuscles. 
Within  the  circulation  these  multiply  by  mitotic  division,  and  thus 
become  rapidly  more  numerous.     The  primitive  erythroblasts  are 


Fig.  51. — Formation  of  erythroblast.s  in  liver  of  embryo  rabbit. 

( Maximo  w.) 

en,  en',  endothelial  cells  of  vessels  ;  a,  a',  a",  a'",  megaloblasts  ;  b,  b',  b",  b'",  normoblasts  ; 
c,  erythroblasts;  I,  V,  I",  lymphoblasts ;  h,  hepatic  cells;  n,  a  nucleus  becoming 
extruded  from  a  small  erythroblast. 

relatively  large,  and  resemble  the  megaloblasts  of  bone-marrow  (see 
p.  43),  but  after  division  they  give  rise  to  smaller  erythroblasts, 
:  similar  to  the  normoblasts  of  bone-marrow.  These  form  the  nucleated 
>  coloured  blood-corpuscles  (erythroblasts)  of  the  embryo  during  the  first 
;  few  weeks  of  intrauterine  life.  They  also  multiply  by  mitotic  division, 
■  so  that  the  number  of  nucleated  coloured  blood-corpuscles  becomes 
<  considerable,  a  certain  number  of  colourless  cells  also  appearing 


42 


THE  ESSENTIALS  OF  HISTOLOGY. 


amongst  tliem.  After  a  time,  ordinary  non-nucleated  blood-discs 
(erythrocytes)  of  very  variable  size  begin  to  appear  amongst  the 
nucleated  cells,  and  these  last  become  relatively  lewer  in  number. 
Before  the  middle  of  intrauterine  life  the  erythroblasts  have  nearly 
disappeared  from  the  blood,  and  their  place  is  taken,  as  in  the  adult, 
by  erythrocytes,  the  erythroblasts  being  confined  to  bone-marrow, 
and  the  various  changes  in  them  which  lead  to  the  development  of 
erythrocytes,  now  taking  place  in  the  marrow  instead  of  in  the  blood- 
vessels as  is  the  case  in  the  early  embryo  (fig.  50). 


Fig.  52. — Blood-oorpusoles  developing  within  connective-tissue  cells. 

a,  a  cell  containing  diffused  hsemoglobin  ;  b,  a  cell  filled  with  coloured  globules  ;  c,  a 
cell  containing  coloured  globules  in  the  protoplasm,  within  which  also  are  numerous 
vacuoles  ;  d,  an  elongated  cell  with  a  cavity  in  its  protoplasm  occupied  by  fluid  and 
blood-corpuscles  mostly  globular ;  c,  a  hollow  cell,  the  nucleus  of  which  has  multi- 
plied. The  new  nuclei  are  arranged  around  the  wall  of  the  cavity,  the  corpuscles  in 
which  have  now  become  discoid  ;  ,/■,  shows  the  mode  of  union  of  a  '  hseraapoietic '  cell, 
which  in  this  instance  contains  only  one  corpuscle,  with  the  prolongation  (JjI)  of  a 
previously  existing  vessel. 


The  multiplication  of  erythroblasts  by  mitosis,  and  the  formation 
from  them  of  erythrocytes,  is  found  to  go  on  in  the  blood-vessels  of  the 
embryonic  liver  long  after  it  has  ceased  to  be  observed  in  other  vessels 
(fig.  51).  According  to  Maximow  it  is  not  confined  to  the  blood- 
vessels, but  goes  on  also  in  the  hepatic  tissue  between  the  vessels.  In 
birds  it  continues  to  occur  throughout  life  within  the  blood-vessels 
of  the  bone-marrow. 

Erythrocytes  are  also  formed  at  a  somewhat  later  stage  of  develop- 
ment within  certain  cells  of  the  connective  tissue  (vasofonuafivc  cell.'^),  a 
portion  of  the  substance  of  the  cell  becoming  coloured  by  haemoglobin, 
and  separated  into  globular  particles  (fig.  52,  a,  b,  c),  which  are  gradually 
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moulded  into  disk-shaped  red  corpuscles.  In  the  meantime  the  cells 
become  hollowed  out,  and  join  with  similar  neighbouring  cells  to  form 
blood-vessels  (fig.  52,  d,  e,  /).  The  process  is  therefore  somewhat 
different  from  that  in  the  early  embryo,  since  cell-nuclei  are  not 
included  in  the  haemoglobin-holding  protoplasm  from  which  the 
I  erythrocytes  are  formed. 

It  has  beeu  suggested  by  some  writers  that  the  vasoformative  cells  con- 
I  taining  coloured  corpuscles  in  vai'ious  stages  of  formation  are  in  reality 
:  portions  of  an  already  formed  vascular  network  which  is  undergoing  atrophy ; 
:and  that  the  corpuscles  within  such  cells  are  not  in  process  of  formation  but 
of  disappearance.    But  .since  the  appearances  in  question  are  seen  in  parts  in 
which  vascular  tissues  (such  as  fat)  are  undergoing  not  atrophy  but  formation  ; 
:  and  since,  moreover,  the  hasmatoidin  crystals  and  pigment  granules  which  are 
chai'acteristic  of  the  disintegration  of  erythrocytes  within  cells  are  not 
j  jaresent,  it  seems  more  reasonable  to  interpret  the  appearances  as  indicative 
1  of  intracellular  development  of  blood-corjjuscles  by  diffei'entiation  of  part  of 
I  the  protoplasm  of  the  vasoformative  mesenchyme  cell,  rather  than  as  a 
>  degeneration  of  already  formed  blood-vessels  and  blood-corpuscles. 

Formation  in  bone-marrow. — The  marrow  of  bone  is  of  a  yellow 
(colour  in  the  shafts  of  the  long  bones  of  most  animals,  and  is  there 
1  largely  composed  of  adipose  tissue,  but  in  the  shafts  of  the  long  bones 
(of  some  animals,  and  in  the  cancellated  tissue  of  most,  it  has  relatively 
I  few  fat  cells,  and  is  usually  red,  the  colour  being  partly  due  to  the  large 
; amount  of  blood  in  its  vessels.  This  red  marrow  (figs.  53,  54)  is 
(chiefly  composed  of  protoplasmic  cells — the  myelocytes  or  marrow-cells — • 
'which  resemble  rather  large  blood-leucocytes,  and,  like  these,  are  amce- 
Iboid.  They  also  exhibit  the  same  kind  of  differences  as  to  the 
! (character  of  the  granules  which  they  contain,  some  being  oxyphil  and 
I  others  amphophil  or  neutrophil.  But  while  the  blood-leucocytes  rarely 
(contain  any  coarse  basiphil  granules,  some  of  the  marrow-cells  contain 
t  these  in  considerable  numbers.  There  are  also  to  be  seen  mingled 
'with  the  marrow-leucocytes  a  number  of  corpuscles  somewhat  smaller 
iin  size,  nucleated,  and  at  least  some  of  them  amoeboid,  but  of  a 
I  reddish  tint  (fig.  54,  e').  These  cells,  which  by  mitotic  division  produce 
'  erythroblasis,  resemble  the  nucleated  coloured  corpuscles  of  the  embryo. 

They  vary  in  size,  most  measuring  about  -007  mm.  (normoblasts), 
Ibut  some  being  considerably  larger  (megaloblasts),  and  others  con- 
fsiderably  smaller  (microblasts).  The  red  disks  are  formed  from  the 
terythroblasts  by  the  nucleus  disappearing  and  the  coloured  proto- 
1  plasm  becoming  moulded  into  a  discoid  shape.  At  what  time  this 
I  formation  of  blood-corpuscles  in  the  bone-marrow  begins  has  not 
Ibeen  ascertained,  but  after  it  has  commenced  it  continues  through- 
(out  the  whole  of  life— the  red  marrow,  especially  that  of  the  ribs, 
'being  especially  active  in  this  respect.    In  mammals  the  multiplication 
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Fig.  53.— Sections  of  red  markow.    (Carnegie  Dickson.) 
A   Magnified  45  diameters.     B,  Magnified  300  dianieter.s. 
The  clear  spaces  are  due  to  the  presence  of  fat-cclls. 
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of  nucleated  coloured  corpuscles  appears  to  take  place  withm 
the  tissue  of  the  marrow  external  to  the  blood-vessels.  It  is 
uncertain  to  what  extent  the  capillary  vessels  of  the  marrow  are 
limited  by  a  complete  endothelium  (see  next  page),  but  in  any  case  the 
formed  erythroblasts  seem  to  readily  pass  into  the  blood  stream.  In 
birds  the  formation  of  erythroblasts  is  confined  to  the  large  blood- 
channels  of  the  marrow,  and  the  transformation  into  erythrocytes 
occurs  within  these  channels. 

Many  of  the  erythroblasts  are  in  process  of  mitotic  division. 
Others  are  seen  with  the  nucleus  in  a  more  or  less  atrophied  condition ; 


meg         m  ra   e'  m'  c' 


Fig.  54. — Red  maerow  of  young  rabbit.    Magnified  450  diameters. 

e,  erythrocj'tes ;  e',  erythroblasts;  e",  a  coloured  cell  undergoing  mitotic  division;  I,  a 
polymorph  leucocyte  ;  m,  ordinary  myelocytes ;  m',  nij'elocytes  undergoing  mitotic 
division ;  eo,  an  eosinophil  myelocyte  ;  b,  a  basiphil  myelocyte  ;  meg,  a  giant-cell  or 
megakaryocyte. 

from  this  it  may  be  inferred  that  the  transformation  into  a  discoid 
blood-corpuscle  is  accompanied  by  the  disappearance  of  the  nucleus. 
Whether  it  eventually  becomes  extruded  or  simply  undergoes  complete 
atrophy  is  uncertain.  The  marrow  also  contains  a  number  of  very 
large  cells,  the  giant-cells  or  myeloplaxes  of  Robin  (fig.  54,  meg ;  fig.  55). 
Giant-cells  are  especially  numerous  wherever  bone  is  becoming 
absorbed,  but  are  not  confined  to  such  situations,  being  normal  consti- 
tuents of  adult  red  marrow.  Sometimes  they  possess  several  nuclei, 
but  most — the  so-called  megakaryocytes — contain  but  one  large  nucleus, 
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which  has  usually  an  annular  form,  is  lobulated,  and  contains  a  number 
of  nucleoli.  They  are  also  characterised  by  possessing  a  number  of 
centrioles  grouped  together  near  the  centre.  Giant-cells  are  found 
in  all  blood-forming  organs,  e.g.  the  lymph-glands  and  spleen,  as  well 
as  in  bone-nian-ow.  Under  pathological  conditions  they  may  occur 
in  many  other  tissues. 

The  existence  of  cells  within  the  marrow  containing  blood-corpuscles 
in  various  stages  of  transformation  into  pigment,  similar  to  those  which 
occur  in  the  spleen-pulp,  has  been  noted  by  Osier  and  others. 

The  marrow  is  very  vascular,  the  capillaries  and  veins  being  large 
and  thin-walled;  indeed,  according  to  some  authorities,  the  walls  of 


» 

Fig.  55. — Giant-cell  of  mahrow  (babbit)  with  annular  nucleus  and 
NUMEROUS  centrioles.    (M.  Heidenhaiii.) 
a,  6,  c,  d,  zones  in  protoplasm. 

the  capillaries  are  imperfect,  so  that  there  is  an  open  communication 
between  them  and  the  interstices  of  the  tissue,  and  in  this  way  it  is 
supposed  that  the  coloured  blood-disks,  which  are  produced  from  the 
erythroblasts  of  the  marrow,  may  get  into  the  circulation.  There  is 
not,  however,  an  interstitial  circulation  of  blood  in  the  marrow  such  as 
is  found  in  the  spleen,  nor  does  injection  material  such  as  carmine 
gelatine  pass  into  the  interspaces  of  the  tissue ;  but  it  remains  confined 
to  the  vessels,  so  that  the  existence  of  an  open  communication  is 
improbable. 

Development  of  white  corpuscles.— The  white  blood-  and  lymph- 
corpuscles  occur  originally  as  free  mesenchyme  cells,  and  are  believed  to 
find  their  way  into  the  vessels  from  the  circumjacent  mesoderm.  Some 
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authorities  state  that  they  are  produced  by  division  of  the  primitive 
blood-cells,  some  of  these  forming  primitive  lymphocytes,  others 
primitive  erythroblasts.  According  to  other  authors  they  do  not 
occur  within  the  first-formed  blood-vessels  of  the  embryo.  They  are 
not  seen  within  the  vasoformative  cells.  In  later  stages  of  foetal 
life  and  during  the  whole  of  post-embryonic  life  they  become  formed  in 
the  bone-marrow,  as  well  as  in  lymph-glands,  in  the  Malpighian 
corpuscles  of  the  spleen,  and  in  other  organs  composed  of  lymphoid 
tissue ;  they  pass  from  these  directly  into  the  lymphatics  and  into 
the  blood. 

It  is  regarded  as  probable,  but  has  not  been  ascertained  with  certainty, 
that  the  macrocytes  are  formed  by  enlargement  of  the  lymphocytes. 
Some  authors  believe  that  the  lymphocytes  give  origin  to  all  the  various 
kinds  of  leucocytes.  Others,  on  the  other  hand,  consider  that  the 
polymorphs  and  the  coarsely  granular  oxyphil  leucoc)  tes  are  formed 
within  the  bone-marrow,  which  contains  cells  of  similar  character. 
Leucocytes  with  well-marked  basiphil  granules  are  also  met  with  in 
bone-marrow ;  these  sometimes,  under  abnormal  conditions,  pass  in 
large  numbers  into  the  blood,  which  normally  does  not  contain  any 
such  cells. 
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LESSON  IV. 


ACTION  OF  REAGENTS  UPON  THE  HUMAN  BLOOD- 
,  CORPUSCLES. 

L  Make  a  preparation  of  human  blood,  and  apply  a  drop  of  water  at  one 
edge  of  the  cover-glass.  Examine  at  a  place  where  the  two  fluids  are 
becoming  mixed.  Notice  particularly  the  first  effect  of  water  upon  both  red 
and  white  corpuscles,  as  well  as  the  ultimate  action. 

Sketch  both  kinds  of  corpuscles  under  the  action  of  water. 

2.  Repeat  on  another  preparation,  using  very  dilute  alkali  (0"2  per  cent, 
caustic  potash)  instead  of  water.  Notice  the  complete  solution  first  of  the 
white  and  then  of  the  coloured  corpuscles  as  the  alkali  reaches  them. 

3.  Repeat  on  another  preparation,  using  dilute  acetic  acid  (1  per  cent.). 
Observe  that  the  effect  of  the  acid  upon  the  coloured  corpuscles  is  similar 
to  that  of  water,  but  that  it  has  a  different  action  upon  the  colourless 
corpuscles. 

Sketch  two  or  three  of  the  latter  after  the  action  is  completed. 

4.  Make  a  prepai'ation  of  blood  mixed  with  salt  solution,  as  in  Lesson  II.  2, 
and  investigate  the  action  of  tannic  acid  (1  part  tannic  acid  to  100  of  distilled 
water)  in  the  same  way. 

Sketch  two  or  three  coloured  corpuscles  after  the  action  is  complete. 

5.  Examine  blood-crystals  of  rat,  guinea-pig,  and  squirrel.  Preparations 
of  haemoglobin  crystals  cannot  be  kept  permanently. 

6.  Prepare  hiiemin  by  heating  a  dry  smear  of  blood  on  a  slide  with  glacial 
acetic  acid.  It  is  not  necessary  to  add  salt  since  this  is  present  in  the  blood. 
The  crystals  of  hasmin  are  permanent. 

Structure  of  erythrocytes. — The  action  of  reagents  upon  the 
human  red-blood  corpuscles  shows  that,  although  to  all  appearance 

homogeneous,  they  in   reality  consist  of 
a      i>       c       ^      ^     an  external  envelope  of  colourless  material 

gfl     ^     O  O    ^^^^^  forms  a  thin  film  inclosing  the  dis 
w  solved  coloured  matter  or  Jmmoglobin.  Thus, 

.  when  water  reaches  the  corpuscle,  it  passes 

•-^.^pV  '"^C^  through  the  film  and  swells  the  corpuscle, 

5(5  causing  it  to  become  globular;  eventually 

a-e,  successive  effects  of  water  upon  the  film  is  burst,  or  is  Sufficiently  distended  to 

a  red  cornuRcle ;  /,  effect  of  .  i  i  •  ^ 

solution  of  salt;  g,  effect  of  allow  tlic  solution  of  hfemoglobui  to  escape 
tannic  acid.  through  its  porcs,  the  colourless  envelope 

(the  so-called  shwna)  being  left  (fig.  56,  a  to  e).  The  addition  of 
hyperisotonic  solution  of  salt,  on  the  other  hand,  by  increasing 
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the  density  of  the  fluid  in  which  the  corpuscles  float,  causes 
diffusion  of  water  out  of  the  corpuscle,  and  consequent  shrinking 
and  corrugation  of  the  surface,  the  crenated  form  (fig.  56,  /)  being 
thereby  produced.  The  same  change  is  brought  about  by  evapo- 
ration of  water,  if  the  blood  is  exposed  to  air.  The  separation  of 
hfemoglobin  from  the  corpuscle  can  be  effected  not  only  by  water,  but 
also  by  dilute  acids,  by  the  action  of  heat  (60°  C),  the  freezing  and 
thawing  of  blood,  the  action  of  ether  or  chloroform,  and  the  passage  of 
electric  shocks.  Bile  and  dilute  alkalies  rapidly  cause  the  red 
corpuscles  to  become  spherical  and  then  almost  instantly  effect  their 
complete  solution  (haemolysis).    The  mixing  of  blood  from  one  species 


Fig.  57. — Blood  crystals,  magnified. 
1,  from  human  blood,  2,  from  the  guinea-pig;  3,  squirrel;  4,  hamster. 

of  animal  with  the  blood  or  serum  of  animals  of  other  species 
frequently  also  has  a  similar  effect.  In  this  case  the  haemolytic 
action  is  exerted  by  some  constituent  (hsemolysin)  of  the  foreign 
blood,  which  is  special  for  each  species  and  against  which  the  "  host " 
can  render  itself  immune  if,  prior  to  any  large  quantity  of  the  foreign 
blood  or  serum  being  injected,  successive  small  injections  be  made ; 
an  "  antihsemolysin "  being  gradually  produced.  This  fact  is  not 
only  of  interest  as  bearing  upon  the  general  doctrine  of  immunity, 
but  also  serves  to  detect  the  source  of  a  given  sample  of  blood. 

Tannic  acid  produces  a  peculiar  effect  upon  the  red  corpuscles  (fig. 
56,  g) ;  the  haemoglobin  is  discharged  from  the  corpuscle,  but  is  im- 
mediately altered  and  precipitated,  remaining  adherent  to  the  envelope 
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in  the  form  of  a  round  or  irregular  globule  of  a  brownish  tinge 
(haematin  ?). 

Some  of  these  reactions  occur  by  a  process  of  osmosis  as  in  the  case  of 
water,  but  in  others  a  sohition  of  the  envelope  of  the  corpuscle  is  produced 
by  the  reagent,  and  the  lia^moglobin  is  thus  allowed  to  escape.  The  film  or 
envelo]3e  is  probably  composed  of  protoplasm,  containing,  besides  nucleo- 
proteids,  lipoids  ;  and  these  are  substances  which  possess  many  of  the 
physical  properties  of  fats,  although  of  a  different  chemical  composition. 
If  we  assume  that  these  substances  form  an  external  film  to  the  corpuscle, 
the  running  of  the  red  disks  into  rouleaux  can  readily  be  explained,  since  it 
has  been  shown  by  Norris  that  disks  of  any  material,  e.g.  cork,  suspended 
in  a  fluid,  tend  in  the  same  way  to  adhere  in  rouleaux,  provided  their 
surfaces  are  covered  with  a  layer  which  is  not  wetted  by  the  fluid.  We 
may  also  explain  on  the  .same  hypothesis  the  fact  that  no  rent  is  ever  seen  in 
the  envelopes  of  the  red  corpuscles  even  when  they  appear  to  have  burst, 
for,  if  the  film  which  represents  an  envelope  is  of  a  fatty  nature,  any  rent  in 


it  would  tend  immediately  to  close  up  again  when  the  opposed  edges  come  in 
contact. 

It  was  also  shown  by  Norris  that  droplets  of  fluid  encompassed  by  myelin 
have  a  tendency  to  assume  a  flattened  shape  ;  thus  oflering  an  explanation 
of  the  flattened  form  of  the  erythrocyte. 

The  more  solid  part  of  the  erythrocyte  is  often  termed  the  stroma,  a  name 
which  rests  upon  a  false  conception  of  the  structure  of  the  corpuscle.  In 
adopting  the  name,  it  was  supposed  that  the  corpuscle  is  formed  of  a 
homogeneous  porous  material  (stroma — RoUett),  in  the  pores  of  which  the 
haemoglobin  is  contained,  but  there  is  no  reasonable  foundation  for  this 
belief,  which  fails  to  explain  the  well-known  osmotic  phenomena  of  the 
corpuscle  ;  whereas  the  supposition  that  there  exists  an  external  film  or 
envelope  enclosing  a  coloured  fluid  is  in  accordance  with  all  the  known  facts 
regarding  the  action  of  reagents  upon  these  bodies.  It  is  true  that  in  the 
fresh  mammalian  corpuscle  the  envelope  is  too  delicate  to  be  actually 
observed  in  the  optical  section  of  the  corpuscle,  but  in  the  blood-corpuscles 
of  amphibia  it  can  be  quite  distinctly  seen,  and  with  any  slight  increase  in 
density  of  the  plasma  it  tends  to  become  wrinkled  and  the  creases  in  it  are 
plainly  visible.    In  these  corpuscles  also  the  nucleus  becomes  readily 
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displaced,  iu  drawn  blood,  from  its  position  in  the  centre  of  the  corpuscle  and 
may  lie  quite  at  the  side  (fig.  69) ;  this  is  a  clear  indication  of  the  fluid 
nature  of  the  contents  of  the  corpuscle,  and  by  analogy  we  may  fairly  assume 
a  similar  constitution  for  the  mammalian  corpuscle.  Lastly,  it  is  jjossible  to 
stain  the  envelope  of  the  red  corpuscles  of  a  different  colour  from  the 
remainder  of  the  corpuscle. 

Blood-crystals — Haemoglobin, — In  the  blood  of  many  animals  (fig.  57), 
crystals  of  hiemoglobin  readily  form  after  its  separation  from  the  red 
corpuscles.  These  crystals  are  rhombic  prisms  in  man  and  most  animals, 
e.g.  the  rat,  but  tetrahedra  in  the  guinea-pig,  and  hexagonal  plates  in 
the  squirrel.  In  these  animals  they  at  once  appear  on  shaking  up  the 
blood  with  chloroform  or  ether,  or  even  on  the  addition  of  water,  with  or 
without  subsequent  evaporation. 

Haemin. — This  name  has  been  applied  to  the  minute  dark-brown  I'hombic 
crystals  of  hydrochlorate  of  hteraatin  (fig.  58),  which  are  formed  when  dried 
blood  from  any  source  whatever  is  heated  with  glacial  acetic  acid. 

Hsematoidin.— This  occurs  in  the  form  of  brownish  yellow  crystals  (fig.  59). 
It  is  found  iu  old  blood  extravasations  and  in  other  places  where  blood- 
corpuscles  are  undergoing  disintegration  within  the  tissues. 

Action  of  reagents  on  leucocytes. — The  structure  of  the  colourless 
corpuscles  is  also  brought  out  by  the  action  of  some  of  the  reagents 
above  noticed.    As  the  water  reaches  them  their  amoeboid  movements 


Fig.  60. 

~1,  first  effect  of  the  action  of  water  upon  a  white  blood-corpuscle  ;  2,  3,  white  coi-puacles 
treated  with  dilute  acetic  acid  ;  n,  nucleus. 

cease ;  they  become  swollen  out  into  a  globular  form  by  imbibition 
of  fluid  (fig.  60,  1),  and  the  granules  within  the  protoplasm  can  be 
seen  to  be  in  active  Brownian  motion.  Their  nuclei  also  become 
clear  and  globular,  and  are  more  conspicuous  than  before.  With 
the  further  action  of  the  water,  the  corpuscle  is  disintegrated  and  the 
granules  are  set  free. 

Acids  have  an  entirely  different  action  upon  the  white  corpuscles. 
Th  eir  nuclei  become  somewhat  shrunken  and  very  distinct  (fig.  60, 
2  and  3),  and  a  granular  precipitate  is  formed  in  the  protoplasm 
around  the  nucleus.  At  the  same  time,  a  part  of  the  protoplasm 
generally  swells  out  so  as  to  form  a  clear  bleb-like  expansion  (an 
appearance  which  also  often  accompanies  the  death  of  the  corpuscle 
from  other  causes).  Caustic  alkalies,  even  when  very  dilute,  rapidly 
cause  the  complete  destruction  of  the  white  corpuscles. 
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LESSON  V. 
THE  BLOOD-CORPUSCLES  OF  AMPHIBIA. 

1.  Obtain  a  drop  of  frog's,  toad's  or  newt's  blood,  and  mix  it  with  a  very 
small  quantity  of  normal  salt  solution  upon  a  slide.  Examine  with  the  hi^h 
power.  Notice  the  shape  of  the  coloured  corpuscles  both  when  seen  flat  and 
edgeways,  and  the  nucleus  within  each. 

Measure  ten  corpuscles  (long  and  short  diameters),  and  from  the  results 
obtain  the  average  dimensions  of  a  corpuscle. 

Notice  also  the  colourless  corpuscles,  smaller  than  the  I'ed,  but  larger  than 
the  pale  corpuscles  of  human  blood,  although  otherwise  generally  resembling 
these.    Spindle-shaped  blood-platelets  may  also  be  seen. 

Sketch  two  or  three  red  corpuscles  and  as  many  white. 

Be  careful  not  to  mistake  the  rounded  liberated  nuclei  of  crushed  red 
corpuscles  for  pale  corpuscles. 

Enormous  cells  and  nuclei  belonging  to  the  cutaneous  glands  as  well  as 
the  granular  secretion  of  those  glands  may  be  present  in  this  preparation  if 
it  is  obtained  from  the  newt's  tail. 

2.  Apply  a  drop  of  water  to  the  edge  of  the  cover-glass  of  the  same 
preparation  and  notice  its  action  upon  the  corpuscles. 

Sketch  two  or  three  corpuscles  altered  by  the  action  of  the  water. 

3.  Mount  another  drop  of  blood,  and  apply  dilute  acetic  acid  (1  per  cent.) 
instead  of  water  at  the  edge  of  the  cover-glass.  Make  sketches  showing  the 
effect  of  the  acid  upon  both  red  and  white  corpuscles. 

4.  Examine  the  corpuscles  of  newt's  blood  which  has  been  allowed  to  flow 
into  boric  acid  solution  (2  per  cent.).  Notice  the  effect  produced  upon  the 
coloured  corpuscles.    Sketch  one  or  two. 

5.  Mount  drops  of  glycerine-jelly  containing  (a)  frog's  or  newt's  blood  and 
(6)  bird's  blood,  previously  fixed  by  Flemming's  solution  and  stained  with 
picro-carmine. 

6.  Make  a  film  preparation  of  amphibian  or  avine  blood  as  described  on 
pp.  30-32,  §  5  for  human  blood. 


The  coloured  blood-corpuscles  of  amphibia  (figs.  61,  62),  as  well  as 
of  nearly  all  vertebrates  below  mammals,  are  biconvex  elliptical  disks, 
considerably  larger  than  the  biconcave  circular  disks  of  mammals,.' 
In  addition  to  the  coloured  body  of  the  corpuscle,  which  consists, 

'  The  following  are  the  dimensions  in  parts  of  a  millimeter  of  the  coloured 
corpuscles  of  some  oviparous  vertebrates  :  — 

Long  diameter.  Short  diameter. 

Pigeon,   0-0147  0-0065 

Froe  ■  0-0223  0-0157 

Nowt    0  0293  0-0195 

Proteus   0-0580  0-0350 

Amphiuma,   0-0770  0-0460 
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as  in  mammals,  of  haemoglobin  inclosed  within  an  envelope,  there 
is  a  colourless  nucleus,  also  of  an  elliptical  shape,  but  easily  becoming 
globular,  especially  if  liberated  by  any  means  from  the  corpuscle. 


Fig.  61.— Blood-corpuscles  of  fkog.  (Ranvier.) 

a,  seen  ou  the  flat ;  b,  in  optical  section  ;  c,  in  profile  ;  v,  a  corpuscle  with  apparent 
vacuoles  (probably  parasitic  organisms  which  are  common  in  frog's  blood- 
corpuscles)  ;  m,  an  amoeboid  leucocj'te  ;  n,  a  nucleus  of  an  erythrocyte,  set  free  and 
eorrtracted  to  a  spherical  form  ;  k;  a  lymphocyte  ;  p,  a  blood-platelet. 


A  B 


Fig.  62.— Amphibian  erythrocytes.  (From  photographs.)  Magnified  450  diameters. 
A,  from  the  frog.     B,  from  the  toad. 


The  nucleus  resembles  that  of  other  cells  in  structure,  being  bounded 
by  a  membrane  and  having  a  network  of  chromatin.  It  is  not  very 
distinct  in  the   unaltered  corpuscle,  but   is   brought  clearly  into 
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view  by  the  action  of  i-eagents,  especially  acids.  The  action  of 
reagents  upon  the  red  corpuscle  of  amphibia  is  otherwise  similar  to 
that  upon  the  mammalian  corpuscle,  water  and  acetic  acid  causing  it  to 
swell  into  a  globular  form  and  then  to  become  decolorised ;  solution 
of  salt  causing  wrinkling  of  the  envelope,  and  so  on.  As  a  first  effect, 
water  and  certain  other  fluids  may  cause  the  haemoglobin  to  retire 
from  the  envelope  at  the  points  where  the  fluid  is  passing  through  the 
membrane :  a  stellate  appearance  is  thereby  often  produced.  Boric 
acid  causes  the  haemoglobin  of  the  newt's  corpuscle  to  become  partially 
or  wholly  collected  around  the  nucleus,  which  may  then  be  extruded 
from  the  corpuscle. 

Immediately  within  the  envelope,  at  the  peripher}'  of  the  amphibian 
erythrocyte,  is  a  band  of  fine  fibrils  which  are  stained  by  gentian 

A  B 


Fig.  63.— Erythrocytes  of  lepidosiren  larva,  fixed  with  flemming's 

SOLUTION  AND  STAINED  WITH  IRON-H^MATOXYLIN.     (T.  H.  Bryce.) 

A,  as  seen  on  the  flat ;  B,  in  section.  In  A  the  fibrils  around  the  edge  are  visible  as  fine 
lines  parallel  to  the  margin  of  the  corpuscle.  In  B  their  sections  are  seen  as  fine 
points  just  within  the  tliinnest  part  of  tlie  edge. 

violet  (Moves)  and  can  also  be  seen  cut  across  in  sections  of  the 
corpuscles  (Bryce)  (fig.  63). 

The  colourless  corpuscles  of  amphibia,  although  larger,  are 
very  similar  to  those  of  mammals.  Like  them,  they  are  either 
wholly  pale  and  finely  granular,  or  inclose  a  number  of  very 
distinct  granules  of  similar  nature  to  those  met  with  in  mammals. 
These  corpuscles  vary  much  in  size  and  in  the  activity  of  their 
amoeboid  movements :  those  which  have  a  multilobular  nucleus  (fig. 
67)  arc  usually  the  most  active.  Reagents  have  the  same  effect  upon 
the  amphibian  leucocytes  as  on  those  of  mammals.  The  presence  of 
glycogen  may  be  demonstrated  in  them  by  its  reaction  with  iodine 
(port-wine  colour). 
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The  blood-platelets  (thrombocytes)  in  the  frog  are  fewer  in  number 
than  in  mammals.  Many  are  of  a  spindle  shape  (fig.  61,^).  They  contain 


Fig.  64.— a  blood-platelet  op  salamandra,  and  the  changes  which  it 
underwent  iirilediately  after  withdrawal  of  blood  prom  the 
VESSELS.    (F.  Meves.) 

a  nucleus-like  body,  and  like  the  blood-platelets  of  mammals  they 
show  rapid  changes  as  soon  as  the  blood  is  drawn.  These  changes  are 
represented  in  the  accompanying  figures  (figs.  64  and  65)  from  Meves. 
The  elongated  corpuscle  first  contracts  and  becomes  more  or  less 
globular,  its  nucleus  also  changing  similarly  in  shape.  Amoeboid 


Fie.  65.— A  BLOOD-PLATELET  OP  SALAMANDRA,  SHOWING  ITS  AMCEBOID  PRO- 
JECTIONS AND  THE  PIBRINOUS  FILAMENTS  RADIATING  FROM  IT  AND  ATTACHED 
TO  ADJACENT  BLOOD-CORPUSCLES.     (F.  MeveS. ) 

Two  erythrocytes,  one  free  nucleus,  and  one  polymorph  leucocyte  are  included  in  the  figure. 

processes  begin  to  be  protruded,  and  then  fine  threads  are  shot  out 
radially  in  all  directions,  these  becoming  attached  to  those  of  other 
platelets,  or  to  any  solid  object  which  may  be  in  the  vicinity  of  the 
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platelet.  The  filaments,  which  appear  to  be  of  a  fibrinous  nature,  and 
may  possibly  be  threads  of  fibi'in,  then  begin  to  retract  and  drag  upon 
the  objects  which  may  be  entangled  by  them.  In  this  manner  a 
number  of  erythrocytes  may  be  drawn  together  towards  a  common 
centre  and  assume  a  more  or  less  radial  arrangement.  Probably  similar 
changes  occur  in  the  blood-platelets  of  mammalian  blood.  It  is  believed 
that  the  entanglement  of  blood-platelets  and  other  corpuscles  may  serve 
rapidly  to  plug  small  apertures  in  blood-vessels  caused  by  injury,  and 
thus  serve  to  aid  in  arresting  haemorrhage. 

Corpuscles  having  a  similar  character  and  fulfilling  similar  functions 
have  been  also  noticed  in  the  blood  of  invertebrates  (Geddes,  Tait). 
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LESSON  VL 

THE  AMCEBOID  PHENOMENA  OF  THE  COLOURLESS 
BLOOD-  CORP  USCLES. 

\.  Make  a  preparation  of  blood  from  the  finger  in  the  usual  way.  Draw  a 
brush  just  moistened  with  thick  paraffin  oil  around  the  edge  of  the  cover- 
glass  to  check  evaporation.  Avoid  an  excess  of  oil.  Place  the  preparation 
upon  a  '  warm  stage,'  and  heat  this  to  about  the  temperature  of  the  body 
(38°  C).  Bring  a  white  corpuscle  under  observation  with  the  high  power, 
and  watch  the  changes  of  shape  which  it  undergoes.  To  become  convinced 
of  these  alterations  in  form,  make  a  series  of  outline  sketches  of  the  same 
corpuscle  at  intervals  of  a  minute. 


Fig.  66.— Simple  wakjiing  apparatus,  completb,  shown  in  operation. 


Ihe  simplest  form  of  warm  stage  is  a  copper  plate  of  about  the  size  of  an 
ordinary  slide,  perforated  in  the  centre  and  with  a  long  tongue  of  the  same 
metal  projecting  from  the  middle  of  one  edge  (Hg.  66).  The  copper  plate 
rests  upon  the  stage  of  tlie  microscope,  with  a  piece  of  cloth  or  other  non- 
conducting material  between.    The  preparation  is  made  upon  an  ordinary 
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slide  or  on  a  large  cover-glass,  which  is  placed  upon  the  warm  stage  and 
pressed  into  contact  with  it  by  the  brass  clips.  Heat  is  applied  to  the  copper 
tongue  by  a  small  spirit-lamp  flame,  and  a  greater  or  less  amount  is  con- 
ducted to  the  warm  stage  and  the  superjacent  preparation  according  to  the 
point  to  which  the  flame  is  ap]jlied.  To  ascertain  that  the  right  temperature 
IS  got  and  maintained,  put  two  pieces  of  solid  paraffin,  one  melting  at  35°  0 


Fig.  67. — A  poltsiohph  leuco(!tte  of  triton  fixed  by  steam  in  asiceboid 
coNniTiON  AND  STAINED  WITH  H.'EMATOXTLiN.  Untouched  photograph. 
Magnified  1360  diameters. 

Notice  the  homogeneous  appearance  of  tlie  protoplasm  of  the  pseudopodia  as  compared 
with  that  of  the  body  of  the  corpuscle.  The  nucleus  is  niultilobed,  the  lobes  being 
joined  by  threads  of  chromatin.    Its  reticular  structure  is  well  shown. 


(95"  F.)  and  another  at  38°  C.  (100°  F.),  on  either  side  of  the  preparation. 
The  temperature  must  be  such  that  the  first  piece  is  melted  and  remains  so 
whilst  the  second  remains  unmelted.^ 

2.  Mount  a  drop  of  frog's  or  newt's  blood  diluted  with  an  equal  amount  of 
salt  solution,  and  examine  it  in  the  same  manner  upon  the  copper  stage,  at 
first  cold,  afterwards  warm  ;  the  temperature  must,  however,  be  kept  below 
30°  C.  Observe  the  effect  of  warmth  in  accelerating  the  amoeboid  movements 
of  the  pale  corpuscles.  Sketch  one  at  intervals  of  a  minute  (a)  in  the  cold,  (6) 
whilst  warmed. 

3.  Take  some  yeast  which  has  been  mixed  with  salt  solution,  and  mix  a 
very  little  of  the  yeast  and  salt  solution  with  a  fresh  drop  of  newt's  blood, 
slightly  oiling  the  edge  of  the  cover-glass  as  before.  Endeavour  to  observe 
the  iiiceiDtion  of  the  yeast -tor nine  by  the  white  corpuscles.  Sketch  one  or 
two  corpuscles  containing  torulte. 

Milk-globules  or  particles  of  carbon  or  of  vermilion  may  also  be  used  for 
this  experiment,  but  the  process  of  'feeding'  is  most  readily  observed  with 
the  yeast  particles. 

iFor  exact  work,  an  apparatus  .somewhat  more  complex  than  the  above  is 
required.  For  description  of  sucli  apparatus,  S3e  the  author's  Course  of  Practical. 
Histolorfy. 
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4.  At  the  beginning  of  the  lesson  collect  a  drop  of  newt's  or  frog's  blood 
into  a  very  fine  capillary  tube,  seal  the  ends  of  the  tube,  and  mount  it  in  a 
drop  of  oil  of  cedar-wood  or  dammar  varnish  (or  the  clot  may  be  blown  out 
into  a  drop  of  salt  solution  on  a  slide  and  mounted  in  this  solution).  Towards 
the  end  of  the  lesson  examine  it  to  see  white  corpuscles  emigrating  from  the 
shrunken  clot  (fig  68). 

5.  To  obtain  a  specimen  with  the  white  corpuscles  fixed  in  amoeboid  con- 
dition, make  a  preparation  of  newt's  blood,  mixed  with  salt  solution,  and 
set  it  aside  for  ten  minutes.  By  this  time  the  corpuscles  will  be  freely 
amoeboid,  and  will  probably  show  well-marked  pseudopodia.  To  fix  them  in 
this  condition  let  a  jet  of  steam  from  a  tube  attached  to  a  boiling  flask  or 
kettle  of  water  play  for  a  second  or  two  seconds  upon  the  cover-glass.  The 
heat  instantly  kills  the  corpuscles,  and  they  are  fixed  in  the  form  they 
presented  at  the  moment  the  steam  was  applied.  They  may  now  be  stained 
hy  passing  dilate  hoemalum  ^  under  the  cover-glass,  or  by  removing  the 
latter  and  staining  with  eosin  and  methylene  blue  in  the  manner  recom- 
mended for  blood  films.  If  hiemalum  is  used,  the  stain  is  followed  by  dilute 
glycerine,  after  which  the  cover  may  be  cemented  and  the  preparation  kept. 


The  amoeboid  phenomena  which  are  exhibited  by  the  protoplasm 
of  the  colourless  blood-corpuscles  consist  of  spontaneous  changes  of 
form,  produced  by  the  throwing  out  of  processes  or  pseudopodia  in 
various  directions.    When  first  thrown  out  the  pseudopodia  are  quite 


Fig.  G8.— White  corpusclks  of  fuog's  blood  migrating  from  shrunken 
clot  within  a  capillary  tube. 

clear;  they  appear  to  be  produced  by  a  flowing  of  the  hyaloplasm 
(see  p.  4).    If  the  corpuscle  is  stimulated,  either  mechanically,  as  by 

'  Delafield's  or  Ehrlich's  hamnatoxylin  can  1)6  substituted  for  luunialum  wherever 
t  he  latter  \s  mentioned.  The  water  used  for  tlic  dilution  of  lufmatoxylin  solu- 
tions must  alway.s  be  distilled.  . 
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tapping  the  cover-glass,  or  electrically,  the  pseudopodia  are  retracted^ 
the  corpuscles  becoming  spherical.  A  change  of  form  caused  by  the 
protrusion  of  the  pseudopodia  may,  when  active,  be  followed  by 


Fig.  69.— An  eosinophil  leucocyte  of  salamaniira  beglnning  to  adhere 
TO  AN  erythrocyte.  Fresh  preparation  without  addition  of  fluid. 
Untouched  photograph.    Magnified  600  diameters. 

Two  other  erythrocytes  are  uicluded  in  tlie  field.  Notice  that  the  nuclei  in  these  have 
nndergone  a  change  of  position  within  the  corpuscle,  showing  that  its  contents  must 
be  completely  fluid. 


Fig.  70.— a  highly  amcehoid  phagocytic  polymorph  leucocyte  of  sala- 
MANnHA,  enveloping  AN  ERYTHROCYTE  (a  portion  Only  of  this  IS  included 
in  the  field).     Untouched  instantaneous  photograph.     Magnibed  000 

diameters.  ,  , 

Four  other  erythrocytes  are  represented. 
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changes  in  place  or  actual  locomotion  (migration)  of  the  corpuscle 
(fig.  68).  When  a  pseudopodium,  or  the  external  surface  of  the  cor- 
puscle, comes  in  contact  with  any  foreign  body,  the  protoplasm  tends 
to  flow  round  and  enwrap  it  and  it  is  then  drawn  into  the  corpuscle 
(figs.  69,  70) ;  particles  thus  incepted  may  be  conveyed  by  the  corpuscle 
in  its  movements  from  one  place  to  another  (fig.  71).  This  property 
plays  an  important  part  in  many  physiological  and  pathological  pro- 
cesses;  thus  cells  in  the  spleen  resembling  large  leucocytes — the 
so-called  splenic  cells — incept  blood-corpuscles,  which  become  broken 
down  within  them;  and  pathogenic  bacteria  become  taken  into  the 
protoplasm  of  certain  leucocytes  (on  this  account  termed  phagocytes), 
there  to  be  destroyed  (Metchnikoff).  The  phagocytic  properties  of 
the  leucocytes  become  especially  developed  as  the  result  of  the  action 


1.  2.  3  4. 


Fig.  71. — Changes  of  form  of  a  white  blood-oobpusole  sketched  at 
intervals  of  a  few  minutes,  showing  the  inception  of  two  small 
gbandlks  and  the  changes  of  position  these  underwent  within 
the  corpuscle. 


upon  the  bacteria  of  certain  chemical  substances  which  are  present 
to  a  greater  or  less  extent  in  blood  and  which  are  termed  opsonins 
(AVright). 

It  is  probable  that  particles  of  organic  matter  which  are  taken  up 
by  the  pale  corpuscles  may  undergo  some  slow  process  of  intracellular 
digestion  within  their  protoplasm. 

The  processes  of  the  granular  corpuscles  are  quite  clear  at  first; 
the  granules  afterwards  flow  into  them. 

The  migration  of  the  colourless  corpuscles  from  the  blood-vessels 
into  the  surrounding  tissues  (which  especially  occurs  in  inflamed 
parts),  or  from  a  blood-clot  into  the  surrounding  serum  (fig.  68),  is 
due  to  these  amoeboid  properties. 

The  conditions  which  are  favourable  to  this  amoeboid  activity  of 
the  white  corpuscles  are  (1)  the  natural  slightly  alkaline  medium. 
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such  as  plasma,  serum,  or  lymph,  or  faintly  alkaline  normal  saline 
solution.  Any  increase  of  density  of  the  medium  produces  a  diminu- 
tion of  amoeboid  activity,  whilst,  on  the  other  hand,  a  slight  decrease 
in  its  density  has  the  oppo.site  effect;  (2)  a  certain  temperature.  In 
warm-blooded  animals  the  phenomena  cease  below  about  10°  C.  When 
gradually  warmed  the  white  corpuscles  become  more  and  more  active 
up  to  a  certain  point,  the  maximum  being  a  few  degrees  above  the 
natural  temperature  of  the  blood.  Above  this  point  they  become 
spheroidal  and  at  a  somewhat  higher  temperature  their  protoplasm 
is  coagulated  and  killed.  Acids  at  once  kill  the  corpuscles  and  stop 
the  movements.  Narcotic  gases  and  vapours,  such  as  carbonic  acid 
gas  or  chloroform  vapour,  also  arrest  the  movement,  but  it  recom- 
mences a,fter  a  time  if  their  action  is  not  too  prolonged. 
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LESSON  VII. 

EPITHELIUM  AND  SECRETING  GLANDS. 

1.  Mount  a  drop  of  saliva  and  examine  first  with  a  low,  afterwards  with  a 
high  power.  Observe  the  nucleated  epithelium-cells,  some  single,  and  others 
still  adhering  together  by  overlapping  edges.  Measure  three  or  four,  and 
also  their  nuclei.  Sketch"one  or  two  on  the  flat  and  one  edgeways.  Notice 
the  salivary  corpuscles,  which  are  migrated  white  blood-corpuscles  swollen 
out  by  inibibition  of  water.  The  preparation  may  be  stained  with  diluted 
htemalum  and  preserved  with  glycerine. 

2.  Put  a  small  shred  of  human  epidermis  into  a  drop  of  strong  caustic 
potash  solution  (35  p.c.)  for  five  minutes.  Then  break  it  up  in  water  with 
needles,  cover  and  examine.    Observe  the  now  isolated  swollen  cells. 

3.  Study  the  arrangement  of  the  cells  in  a  section  through  some  stratified 
epithelium,  such  as  that  of  the  mouth,  skin,  or  cornea.^  Notice  the  changes 
in  shape  of  the  cells  as  they  are  traced  towards  the  free  surface.  Measure 
the  thickness  of  the  epithelium.    Count  the  number  of  layers  of  cells. 

4.  Make  a  preparation  of  the  epithelium  of  the  urinary  bladder,  which 
may  be  moderately  distended  with  bichromate  of  potash  solution  (1  jjart  to 
800  of  salt  solution),  and  after  an  hour  or  two  cut  open  and  placed  in  more 
of  the  same  solution.  Take  a  small  scraping  of  the  lining  epithelium  on  the 
point  of  a  scalpel,  and  break  it  up  by  tapping  it  in  a  drop  of  vety  dilute 
hsematoxylin  on  a  slide.  Put  a  small  hair  in  the  drop  and  cover.  Add  a 
small  drop  of  glycerine  at  one  edge  :  allow  this  to  diffuse  under.  Cement 
next  day.  Observe  the  large  flat  superficial  cells,  and  the  pear-shaped  cells 
of  the  second  layer.  Sketch  one  of  each  kind.  The  cells  will  vary  greatly  in 
appearance  according  to  the  amount  of  distension  of  the  organ. 

5.  Study  the  minute  structure  of  epithelium-cells  and  their  nuclei,  both 
at  rest  and  dividing,  in  sections  of  the  skin  of  the  newt's  tail,  or  in  shreds 
of  peritoneum  or  of  the  amnion  of  the  rat,  or  in  sections  of  the  salamander- 
tadpole.  The  preparation  may,  for  this  purpose,  be  stained  either  with 
hsematoxylin  or  iron-hEematoxylin,  or  with  some  aniline  dye  such  as 
saffranin.i 

Sketch  a  cell  with  resting  nucleus,  and  others  with  nuclei  in  different 
phases  of  mitosis. 

The  simple  saccular  skin-glands  of  Amphibia  may  also  be  studied  in 
preparations  from  the  newt's  tail. 

An  epithelium  is  a  tissue  composed  entirely  of  cells  separated  by 
a  very  small  amount  of  intercellular  substance  (cement-substance)  and 
generally  arranged  so  as  to  form  a  membrane  covering  either  an 
external  or  internal  free  surface. 

The  structure  of  epithelium-cells,  and  the  changes  which  they 
undergo  in  cell-division,  are  best  seen  in  the  epidermis  of  the  newt 

'  The  methods  of  preparing  and  staining  are  given  in  the  Appendix. 
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or  of  the  salamander-tadpole  (fig.  72);  in  the  latter  especially,  the 
cells  and  nuclei  are  much  larger  than  in  mammals. 

Structure  of  the  cells. — Each  epithelium-cell  consists  of  protoplasm 
containing  a  nucleus.  The  protoplasm  may  either  look  granular,  or 
it  may  have  a  reticulated  appearance,  or  may  exhibit  fibrils.  The 
nucleus  is  spherical  or  ovoid.  Usually  there  is  only  one,  but  there 
may  be  two  or  more.  The  cell-substance  is  often  modified  in  its 
chemical  nature;  its  external  layer  may  become  hardened  to  form  a 
sort  of  membrane,  or  the  whole  cell  may  become  horny  (keratinised) ; 


(  ^^^^  ^  .^X  J 


Fig.  72. — Epidermis  cells  of  a  larval  salamander. 
Magnified  400  diameters.  (Wilson.) 

Three  of  the  cells  are  undergoing  division.  The  intercellular  channels  are  bridged 
across  by  fine  fibres.  At  one  place  a  branched  pigment  cell  is  lying  between  the 
epithelium  cells. 

or  there  may  be  a  separation  of  materials  (granules)  within  the  cell 
which  are  ultimately  used  by  the  organism,  as  in  some  secreting 
glands. 

Classification  of  epithelia.  —  Epithelia  are  somewhat  illogically 
classified  partly  according  to  the  shape  and  arrangement  of  the  cells, 
partly  according  to  their  function.  Thus  we  speak  of  scaly  or  pavement, 
cubical,  columnar,  glandular,  and  ciliated  epithelium.  Most  of  these 
are  simple  epithclia,  with  the  cells  only  one  layer  deep.  If  forming 
several  superposed  layers,  the  epithelium  is  said  to  be  stratified,  and 
then  the  shape  of  the  cells  differs  in  the  different  layers.  Where 
there  are  only  three  or  four  layers  in  an  epithelium,  it  is  termed 
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transitional  A  classification  according  to  the  function  of  the  epithelium 
may  also  conveniently  be  adopted.  We  should  then  include  under  the 
term  protective  epithelia,  the  pavement,  stratified  and  transitional  varieties, 
under  the  term  secreting  epithelia,  the  cubical,  columnar  ^  and  glandular 
epithelia  (some  of  the  pavement  epithelia  would  come  also  under  this 
head),  while  the  ciliated  epithelia  would  form  a  separate  division,  as  in 
the  classification  above  given. 

Stratified  epithelium  (fig.  73)  covers  the  anterior  surface  of  the 
cornea,  lines  the  mouth,  pharnyx  (lower  part),  gullet,  anal  canal  and 
part  of  the  urethra,  and  forms  the  epidermis  which  covers  the  skin. 
The  vocal   cords   are  covered   by    stratified   epithelium.     In  the 


I      Fig.  73. — Section  ok  the  stratified  epitheliuji  of  the  fauces  of  the 
L  rabbit.    Magnified  240  diameters.  Photograph. 

female  it  also  lines  the  vagina  and  covers  the  os  uteri.  The  cells 
nearest  the  surface  are  always  flattened  and  scale-like,  whereas  the 
deeper  cells  are  polyhedral,  and  those  of  the  deepest  layer  somewhat 
columnar  in  shape.  Moreover,  the  deep  cells  are  soft  and  protoplasmic, 
and  are  separated  from  one  another  by  a  system  of  intercellular 
channels,  which  are  bridged  across  by  numerous  fibrils  passing  from 
cell  to  cell  (figs.  74,  75) ;  giving  the  cells,  when  separated,  the 
appearance  of  being  beset  with  short  spines  (prickle-cells  of  Max 
Schultze).  These  'bridging  fibrils'  are  not  peculiar  to  stratified 
epithelium,  but  occur  in  many  if  not  in  all  epithelia. 

'  The  coluiniicar  epithelium  of  the  intestine  is  concerned  as  much  with 
al)  orption  as  with  secretion,  Imt  absorption  may  be  regarded  as  a  kind  of 
reversed  secretion. 

E 
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The  deeper  cells  multiply  by  mitotic  division,  the  nuclei  first  dividing 
in  the  manner  already  described.    The  newly  formed  cells  tend  as  they 


Fig.  74.— Section  ov  kpidkkmis  of  cat's  foot  showing  interoeliular 
channels,  with  bridging  fibrils.    (kolossow. ) 


Fig  75  —Section  through  the  deepku  layers  of  a  str.vtified  epithelium, 

SHOWING  FIBRILS,  /,  PASSING  FROM  CELL  TO  CELL  ACROSS  THE  INTER- 
CELLULAR SPACES.  (Ranvicv.) 
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enlarge  to  push  those  external  to  them  nearer  to  the  surface,  from 
which  they  are  eventually  thrown  off.  As  they  approach  the  surface 
they  become  hard  and  hornj'-,  and  in 
the  case  of  the  epidermis  entirely  lose 
their  cellular  appearance,  which  can, 
however,  be  in  a  measure  restored  by 
the  action  of  alkalies  (§  2).  The  cast- 
off  superficial  cells  of  the  stratified  epi- 
thelium of  the  mouth,  which  are  seen 
in  abundance  in  the  saliva  (§  1),  are 
less  altered,  and  the  remains  of  a 
nucleus  is  still  visible  in  them  (fig.  76). 
The  stratified  epithelium  of  the  human  skin  (epidermis)  shows  many 
peculiarities  :  these  will  be  considered  when  the  skin  itself  is  treated  of. 

Transitional  epithelium  is  a  stratified  epithelium  consisting  of  only 
three  or  four  layers  of  cells.  It  occurs  in  the  urinary  bladder,  the 
ureter,  and  the  pelvis  of  the  kidney.  The  superficial  cells  (fig.  77,  a) 
are  large  and  flattened ;  they  often  have  two  nuclei.  Their  free  sur- 
face is  covered  with  a  cuticular  stratum  (Eggeling),  and  on  their 
under  surface  they  exhibit  depressions,  into  which  fit  the  larger 
ends  of  pyriform  cells,  which  form  the  next  layer  (fig.  77,  i). 
Between  the  tapered  ends  of  the  pyriform  cells  one  or  two  layers 


Fig.  76.— Epithklicm-soales  pkom 
the  inside  of  the  mouth. 
(Sharpey.)  Magnified  260  dia- 
meters. 


Fig.  77.— Epithelial  cells  from  the  bladder  of  the  rabbit.  (Klein.) 

Magnified  500  diameters. 

a,  large  flattened  cell  from  the  superficial  layer,  witli  two  nuclei  and  with  strouo-ly 
marked  ridges  and  intervening  depressions  on  its  under  surface  ;  h,  pear-shaped  cell 
of  the  second  layer  adapted  to  a  depression  on  one  of  the  superficial  cells. 

of  smaller  polyhedral  cells  are  found.  The  epithelium  seems  to  be 
renewed  by  mitotic  division  of  these  deeper  cells ;  it  is  possible  that 
the  superficial  cells  also  multiply,  but  in  this  case  by  amitosis. 
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Simple  scaly  or  pavement  epithelium  is  found  in  the  saccules  of  the 
lungs,  in  the  ducts  of  the  mammary  glands,  in  the  kidney  (in  the  tubes 


Fig.  78. — Pavement  epithelium  or  endothelium  of  a  sekous  membbane. 
Nitrate  of  silver  preparation.    Carmine  staining  of  nuclei. 

of  Henle,  lining  the  capsules  of  the  Malpighian  bodies,  and  covering 
the  glomeruli),  and  also  lining  the  cavities  of  serous  membranes 
(fig.  78),  and  the  interior  of  the  heart,  blood-vessels,  and  lymphatics. 
When  occurring  on  internal  surfaces,  such  as  those  of  the  serous 
membranes,  blood-vessels,  and  lymphatics,  it  is  often  spoken  of  as 


Fig.  79. — Endothelium-cells  of  .serous  jiembrane  seen  in  profile  view, 

SHOWING  protoplasmic  BRIDGES  STRETCHING  ACROSS  THE  INTERCELLULAR 

SPACES.    (M.  Heideuhain.) 

endothelium  or  mesothelium.  According  to  v.  Brunn  the  cells  of  a 
serous  epithelium  may  be  provided  with  a  striated  border  on  their 
free  surface,  somewhat  like  that  which  is  found  on  columnar  cells. 


GLANDULAR  EPITHELIUM  AND  SECRETING  GLANDS. 

Glandular  epithelium  is  the  essential  tissue  of  all  the  organs  which 
are  known  as  secreting  glands.  Glands  are  of  two  chief  kinds.  Those 
which  are  best  known  and  which  are  termed  secreting  glands  proper  are 
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IV.  V. 
Fig.  80.— Various  kinds  of  glands. 

I.  Simple  saccular  gland  from  amphibian  skin  (Flemming).  II.  Simple  tubular  gland 
from  intestine  (Flemming).  III.  A  small  racemose  gland  witli  a  single  duct,  il,  into 
which  a  number  of  in-egularly  tubular  acini,  a,  open  (Flemming).  IV.  Part  of  a 
tubulo-racemose  gland  with  the  acini  unravelled  (Flemming).  V.  Wax  model  of 
a  small  tubulo-racemose  gland  from  the  epiglottis  (Maziarski). 
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furnished  with  a  duct  which  ramifies  in  all  parts  of  the  gland  and  by 
means  of  which  the  products  of  the  secretory  activity  of  the  gland-cells 
are  brought  to  a  free  surface.  Such  glands  have  been  developed  as 
involutions  of  the  surfoce  upon  which  they  open,  and  their  epithelium 
is  continuous  with  that  of  this  surface,  and  is  in  some  cases,  especially 
where  the  surface  upon  which  the  gland  opens  is  covered  with  columnar 
epithelium,  of  a  similar  character  to  the  epithelium  of  the  surface ;  in 
others  different  in  character.  In  most  glands  the  epithelium  alters  as 
we  trace  the  duct  back  into  the  recesses  or  alveoli  of  the  gland,  and  it  is 


Fig.  81. — Two  cells  from  a  cutaneous  gland  of  salamander-larva, 

SHOWING  THE  SECRETION  GRANULES.  (Gurwitsch.) 
The  left-haud  cell,  which  has  2  nuclei,  is  filled  with  granules.    In  the  right-hand  cell 
the  granules  are  becoming  swollen  and  dissolved. 

in  these  that  the  characteristic  glandular  cells,  which  are  generally 
polyhedral  in  shape,  are  found.  Every  such  involution  or  ingrowth  of 
epithelium  to  form  a  gland  is,  when  first  formed,  of  a  simple  character, 
shaped  like  a  test-tube  or  flask  and  filled  with  a  solid  mass  of  cells,  but 
it  presently  becomes  hollowed  out  and  the  cells  are  left  as  a  lining  to  the 
connective  tissue  membrane  which  bounds  the  involution.  The  gland 
may  remain  simple  and  unbranched  {simple  saccular  and  simple  tubular 
glands,  fig.  79,  I.  and  II.),  or  it  may  branch  again  and  again  until  a 
complicated  structure,  in  some  cases  small,  in  others  of  considerable  size, 
is  produced  (comjjound  tuhidar  and  compoimd  saccxdar  (or  racemose  glands) 
(fig.  79,  III,  IV.,  v.),  instances  of  which  are  furnished  by  the  kidneys 
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and  salivary  glands  respectively).  The  cells  which  furnish  the  secretion 
of  the  gland  and  which  line  the  secreting  parts  of  the  tubules  of  a  tubular 
gland,  or  the  alveolar  enlargements  (acini)  at  the  ends  of  the  ducts  of  a 
racemose  gland,  are  frequently  partly  or  wholly  filled  with  granules 
in  the  intervals  of  secretory  activity,  and  these  granules  become 
discharged  or  dissolved  and  pass  into  the  secretion  during  activity. 
Secreting  glands  are  always  abundantly  supplied  with  blood-vessels 
and  nerves.  The  former  are  distributed  in  the  connective  tissue  which 
holds  together  the  acini  and  groups  of  acini  (lobules)  of  the  gland ; 
the  latter  are  supplied  partly  to  the  blood-vessels  and  partly  ramify 
amongst  the  secretory  epithelium  cells. 

The  liver  differs  from  all  other  secreting  glands  in  being  composed  of 
solid  masses  of  cells  (hepatic  lobules)  instead  of  tubular  acini  lined  by 
epithelium.  It  exhibits  also  other  important  differences  in  the  nature 
of  its  blood-supply  and  the  relation  between  the  blood  and  the  liver- 
cells. 

The  other  kind  of  secreting  glands,  known  as  the  internally  secreting 
glands,  are  not  furnished  with  ducts  and  are  usually  described  (along 
with  the  spleen  and  the  lymphoid  structures)  as  chidless  glands.  The 
internally  secreting  glands  are,  like  the  externally  secreting  organs; 
composed  of  epithelial  cells,  sometimes  grouped  in  solid  masses  (e.g. 
suprarenal  gland),  in  other  cases  disposed  around  hollow  vesicles  {e.g. 
thyroid)  which  become  filled  with  the  material  of  the  secretion.  But 
as  in  these  glands  there  is  no  duct  the  secretion  is  carried  into  the 
blood  either  directly  by  the  blood-vessels  of  the  gland  or  indirectly 
through  the  lymphatics. 

The  detailed  study  of  the  glands  and  of  other  epithelial  structures 
may  be  reserved  until  the  organs  in  which  they  occur  are  described, 
but  columnar  and  ciliated  epithelia  will  be  dealt  with  in  the  next 
Lesson. 

The  hairs  and  nails  and  the  enamel  of  the  teeth  are  modified 
epithelial  tissues.  They  will  be  described  along  with  the  skin  and 
structures  connected  with  the  mouth  respectively. 
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LESSON  VIIL 

COLUMNAR  AND  CILIATED  EPITHELIUM :  ACTION  OF  CILIA. 

L  Break  up  in  dilute  glycerine  a  shred  of  epithelium  from  a  minute  piece 
of  the  mucous  membrane  of  intestine  (frog)  that  has  been  treated  with  1  per 
cent,  osmic  acid  for  some  hours,  and  has  subsequently  macerated  in  water 
for  a  few  days.  The  cells  easily  separate  on  tapping  the  cover-glass. 
Measure  and  sketch  one  or  two  cells. 

The  cover-glass  may  be  at  once  fixed  by  gold  size. 

2.  Prepare  ciliated  epithelium  from  a  trachea  that  has  been  treated  with 
osmic  acid  like  the  last  preparation,  or  that  has  macerated  in  chromic  acid 
solution  (1  to  2000  normal  saline)  for  a  few  days.  Measure  in  one  or  two 
of  the  cells  (a)  the  length  of  the  cell,  (6)  the  length  of  the  cilia,  (c)  the 
size  of  the  nucleus.    Sketch  two  or  three  cells. 

3.  Mount  in  sea-water  one  or  two  bars  of  the  gill  of  the  marine  mussel 
(fig.  82).  Study  the  action  of  the  large  cilia.  Now  place  the  preparation 
upon  the  copper  warm  stage  (see  Lesson  VI.)  and  observe  the  effect  of  gently 
raising  the  temperature. 


Fig.  82.— Valve  of  mussel  (mytilus  edulis)  showing  6r,  br,  the  expanded 

GILLS  OR  BUANCHT/E,  WHICH,  OWING  TO  THE  LITTLE  BARS  OF  WHICH  THEY 
ARE  COMPOSED,  PRESENT  A  STRIATED  ASPECT. 

ml,  mantlo  ;  m,  cut  adductor  muscle  ;  i,  mass  of  viscera ;  the  dark  projection  just  above 

is  the  foot. 

Keep  this  preparation  until  the  end  of  the  lesson,  by  which  time  many  of 
the  cilia  will  have  become  languid.  When  this  is  the  case  pass  a  drop  of 
dilute  potash  solution  (1  part  KHO  to  1000  of  sea-water)  under  the  cover- 
glass  and  observe  the  effect. 

4.  Cement  with  sealing-wax  a  piece  of  small  glass  tubing  to  a  slide  so  that 
one  end  of  the  tube  comes  nearly  to  the  centre  of  the  slide.  To  do  this 
effectually  the  slide  must  be  heated  and  some  sealing-wax  melted  on  to  it 
and  allowed  to  cool.    The  glass  tube  is  then  made  hot  and  applied  to  the 
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slide,  embedding  itself  as  it  does  so  in  the  sealing-wax.  Apply  a  ring 
of  modelling  wax  (half  an  inch  in  diameter  and  rising  above  the  glass  tube) 
so  as  to  include  the  end  of  the  tube.  Make  a  deep  notch  or  a  hole  in  the 
ring  opposite  the  tube  for  the  exit  of  the  gas.  Place  a  drop  of  water 
within  the  ring  (fig.  83). 


Fig.  83.— Moist  chamber  adapted  foe  passing  a  gas  or  vapour  to  a 
preparation  under  the  microscope. 


Put  a  bar  from  the  gill  upon  a  cover-glass  in  the  least  possible  quantity  of 
sea-water  ;  invert  the  cover-glass  over  the  putty  ring,  and  press  it  gently 
and  evenly  down.  The  preparation  hangs  in  a  moist  chamber  within  which 
it  can  be  studied  through  the  cover-glass,  and  into  which  gases  or  vapours 
can  be  passed  and  their  eifects  observed. 


Fig.  84. — Method  of  subjecting  a  preparation  to  a  stream  of  carbon- 

DIOXIDE. 

h,  bottle  containing  marble  and  hydrochloric  acid ;  V,  wash-bottle,  connected  by  india- 
rubber  tube,  (,  with  the  moist  chamber,  s. 

Pass  CO2  through  the  chamber,  and  after  observing  the  effect  replace  it  by 
air  (see  fig.  84).    Eepeat  with  ether  vapour  and  with  chloroform  vapour. 

Columnar  epithelium  and  ciliated  epithelium  are  for  the  most  part 
found  covering  the  inner  surface  of  mucous  membranes  ;  which  are 
membranes  moistened  by  mucus  and  lining  passages  in  communication 
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with  the  exterior,  such  as  the  alimentary  canal  and  the  respiratory  and 
generative  passages.  The  cells  of  a  columnar  epithelium  form  a  single 
layer,  varying  in  thickness  according  to  the  length  of  the  constituent 


ila.v 

oa/l 


coil— 


Fig.  85. — Section  of  thyroid  of  cat,  showing  gland-vesicles  lined  with 
CUBICAL  epithelium.    (Vincent  and  Jolly.) 

cells,  and  when  the  cells  of  a  columnar  epithelium  are  short,  the 
epithelium  is  spoken  of  as  cubical,  such  as  that  which  lines  the 
vesicles  of  the  thyroid  gland  (iig.  85).  The  cells  of  a  columnar 
epithelium  (fig.  86)  are  prismatic  columns,  which  are  set  closely  side  by 
side,  so  that  when  seen  from  the  surface  a  mosaic  appearance  is 
produced.    They  often  taper  somewhat  towards  their  attached  end. 


S. 

Fig.  86.  •  Fig.  87. 

Fig.  86. — A  how  of  columnar  cells  from  the  intestine  of  the  rabbit. 
Smaller  cells  are  seen  between  the  epithelium-cells ;  these  ai-e  leucocytes. 

Fig.  87.— Columnar  kpithelium-cklls  of  the  rabbit's  intestine. 
More  highly  magnified. 

The  cells  have  been  isolated  after  maceratiou  in  very  weak  chromic  acid.  The  cells  are 
much  vacuolated,  and  one  of  them  has  a  fat-globule  adliering-  to  it  near  its  attached 
end  ;  the  striated  border  {str)  is  well  seen,  and  the  bright  disk  separating  it  from  the 
cell-protoplasm  ;  n,  nucleus,  with  intranuclear  network  ;  a,  a  thinned-out  wing-like 
projection  of  the  cell  which  probably  fitted  between  two  adjacent  cells. 

which  is  generally  truncated,  and  set  upon  a  basement  membrane. 
Their  free  surface  is  covered  by  a  thick  striated  border  (figs.  86  to  89) 
which  may  sometimes  become  detached  in  teased  preparations.  The 
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protoplasm  of  the  cell  is  highly  vacuolated  and  reticular,  and  fine 
longitudinal  stride  mav  be  seen  in  it  (figs.  88,  89).  Between  the 
striated  border  and  the  protoplasm  of  the  cell  is  a  highly  refracting 


Fig.  88.— a  columnar  epithelium-oell, 

SHOWING  MASS  OF  FIBRILS  (CYTOMITOME) 
WITHIN  THE  CYTOPLASM. 

(M.  Heiclenhain.) 


Fig.  89.— a  goblet  or  mucus-secreting 
cell  in  columnar  epithelium. 
(M.  Heidenhain.) 

The  centrosonie  is  iu  the  mucigen-mass.  Part 
of  an  ordinary  columnar  cell  is  also  shown. 


Fig.  88. 


Fig.  89. 


Fig.  90.— Transverse  section  of  a  villus  (man),  showing  numerous  goblet- 
CKLLS  between  THE  ORDINARY  COLUMNAR  CELLS,  (v.  Ebner.)  Magnified 
530  diameters. 

(t,  basement-membrane,  here  somewhat  shrunken  away  from  epithelium  ;  6,  goblet-cells  ; 
c,  cuticula ;  d,  lacteal ;  e,  columnar  epithelium  ;  /,  leucocytes  in  epithelium  ;  /,  leuco- 
cytes below  epithelium  ;  /",  large  leucocytes  ;  g,  blood-vessels. 


disk  which  contains  fine  dumb-bell  shaped  particles  set  vertically, 
connected  below  with  the  fibrils  or  striae  which  run  through  the  cell 
protoplasm.    It  has  been  suggested  that  these  particles  are  formed  by 
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multiplication  of  the  centrosome,  but  the  fact  cannot  be  regarded  as 
established.  The  nucleus  is  ovoid  and  reticular.  The  lateral  borders 
of  the  cells  are  often  somewhat  irregular  or  jagged,  the  result  of  the 
presence  of  amoeboid  cells,  which  are  generally  found  between  the 
columnar  cells,  at  least  in  the  intestine.  After  a  meal  containing  fat 
the  epithelium  cells  of  the  small  intestine  contain  fat  globules,  which 
become  stained  black  in  osmic  preparations. 

Columnar  epithelium-cells  are  found  lining  the  whole  of  the  interior 
of  the  stomach  and  intestines  :  they  are  also  present  in  the  ducts  of 
most  glands,  and  sometimes  also  in  their  secreting  tubes  and  saccules. 
The  epithelium  which  covers  the  ovary  is  also  of  a  modified  columnar 
shape,  but  cells  having  all  the  structural  peculiarities  indicated  above 
are  found  only  in  the  alimentary  canal  and  in  its  diverticula. 

Goblet-cells, — ^Some  of  the  cells  of  most  columnar  epithelia  (fig.  90), 
and  also  cells  of  glandular,  ciliated,  and  transitional  epithelia,  contain 
mucigen,  which  is  laid  down  within  the  cell  in  the  form  of  granules 
(fig.  89,  fig.  91,  m},  m^).  These  granules  eventually  swell  up  to  form 
globular  masses  which  may  run  together  and  greatly  distend  the  part 
of  the  cell  nearest  the  free  border.  When  the  mucigen  is  extruded  as 
mucus  the  cell  takes  the  form  of  a  goblet  or  chalice,  hence  the 
name. 

These  goblet-cells,  or,  as  they  are  more  appropriately  termed,  mucus- 
secreting  cells,  are  probably  not  mere  temporary  modifications  of  the 
ordinary  columnar  and  ciliated  cells  amongst  which  they  are  found,  but 
permanently  differentiated  cells,  which,  after  having  got  rid  of  their 
mucus  by  extrusion,  again  form  a  fresh  supply  in  the  same  way  as 
before.  In  the  gastric  mucous  membrane  all  the  surface  epithelium  is 
composed  of  mucus-secreting  cells,  and  they  extend  also  into  the  mouths 
of  the  glands.  In  the  large  intestine  also  most  of  the  cells  both  of  the 
surface  and  in  the  glands  are  goblet-cells.  According  to  the  observations 
of  Carlier  those  of  the  gastric  mucous  membrane  are  connected  together 
laterally  by  protoplasmic  fibres. 

Ciliated  epithelium.— Ciliated  epithelium  is  found  in  man  throughout 
the  whole  extent  of  the  air-passages  and  their  prolongations,  but  not  in 
the  uppermost  part  of  the  nostrils  which  is  supplied  by  the  olfactory 
nerves,  nor  in  the  lower  part  of  the  pharynx,  nor  in  the  terminal 
bronchioles  and  pulmonary  alveoli.  It  also  occurs  in  the  Fallopian 
tubes  and  the  greater  part  of  the  uterus ;  in  the  efferent  tubes  of  the 
testicle  ;  and  in  the  ventricles  of  the  brain,  and  the  central  canal  of  the 
spinal  cord.  The  cells  of  a  ciliated  epithelium  are  usually  columnar  in 
shape  (figs.  91,  92),  but  in  place  of  the  striated  border  of  the  ordinary 
columnar  cell  the  free  surface  is  surmounted  by  a  bunch  of  fine  tapering 
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Fig.  91.— Ciliated  column.vr  epithelium, 
from  the  trachea  of  a  rabbit. 

idl,  m-,  uiucus-seoreting  cells  in  various  stages  of 
mucigeu  formation.  The  preparation  was  treated 
with  dilute  chromic  acid. 


ft/A-  fti'  '^ii 


Fig.  93. — Columnar  ciliated 
epithelium-cells  from  the 
lower  part  of  the  human 
,  nasal  passages.  examined 
FRESH  IN  SERUM.  (Sharpey.) 


Fig.  92.— Four  ciliated  cells. 
(v.  Lenhossek. ) 


Fig.  94. — Ciliated  cell,  from 
the  intestine  of  a  mollusc. 
(Engelmann.) 
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filaments  (vibratile  cilia),  which,  during  life,  move  spontaneously  to  and 
fro,  and  serve  to  produce  a  current  in  the  fluid  which  covers  them. 
The  border  upon  which  the  cilia  are  set  is  bright  in  the  living  condition  : 
after  fixation  it  appears  formed  of  little  juxtaposed  knobs  or  basal  particles, 
to  each  of  which  a  cilium  is  attached. 

In  the  large  ciliated  cells  which  line  the  alimentary  canal  of  some  molluscs 
(figs.  92,  94),  and  with  less  distinctness  in  the  ciliated  cells  of  vertebrates, 
the  knob  may  be  observed  to  be  prolonged  into  the  protoplasni  of  the  cell  as 
a  fine  varicose  filament,  termed  the  rootlet  of  the  cilium.  Since  the  axial 
fibril  in  the  tail  of  the  spermatozoon  (which  is  commonly  regarded  as  a 
cilium)  is  developed  in  connection  with  the  centrosome,  it  has  been  supposed 
that  the  cilia  of  an  ordinary  ciliated  cell  may  also  be  outgrowths  from 
the  (multiplied)  centrosome.  But  although  it  may  be  the  case  that  the 
basal  particles  are  formed  by  the  division  of  the  centrosome  of  the  cell,  in 
which  case  the  rootlets  may  represent  the  fibrils  of  archoplasm  which 
radiate  from  the  centrosome  of  such  a  cell  as  the  white  corpuscle  (fig.  11),  it 
appears  not  to  be  true  that  the  cilia  are  developed  from  these  basal  par- 
ticles, for  the  cilia  sometimes  appear  before  the  basal  particles.  In  plant 
spores,  which  have  no  centrosomes,  the  cilia  are  developed  from  amoeboid 
processes  of  the  ectoplasm  of  the  cell  (Strassburger).  Similar  basal  particles 
and  longitudinal  fibrils  are  found  in  columnar  cells  (p.  75),  and  these 
are  probably  homologous  with  the  knobs  and  rootlets  of  the  ciliated  cell, 
while  the  bunch  of  cilia  of  the  latter  is  represented  by  the  striated  border 
of  the  columnar  cell. 

The  action  of  cilia. — When  in  motion  a  cilium  is  bent  quickly  over 
in  one  direction  with  a  lashing  whip-like  movement,  immediately 
recovering  itself  When  vigorous  the  action  is  so  rapid,  and  the 
rhythm  so  frequent  (ten  or  more  times  in  a  second),  that  it  is  im- 
possible to  follow  the  motion  with  the  eye.  All  the  cilia  upon  a 
ciliated  surface  are  not  in  action  at  the  same  instant,  but  the  move- 
ment travels  in  waves  over  the  surface.  If  a  cell  is  detached  from 
the  general  surface,  its  cilia  continue  to  act  for  a  while,  but  their 
movement  at  once  ceases  if  they  are  detached  from  the  cell.  If, 
however,  a  portion  of  the  cell  protoplasm  is  detached  with  them, 
they  will  continue  to  move  for  a  time. 

The  rhythm  is  slowed  by  cold,  quickened  by  warmth ;  but  heat 
beyond  a  certain  point  kills  the  cells.  The  movement  will  continue 
for  some  time  in  water  deprived  of  oxygen.  Both  COo  gas  and  ether 
and  chloroform  vapour  arrest  the  action,  but  it  recommences  on 
restoring  air,  if  their  action  is  not  too  prolonged.  Dilute  alkaline 
solutions  quicken  the  activity  of  cilia,  or  may  even  restore  it  shortly 
after  it  has  ceased. 

Theories  of  ciliary  action.— Various  attempts  have  been  made  to  explain 
the  manner  in  which  cilia  act.  One  hypothesis  supposes  that  one  side  only 
of  each  cilium  is  contractile,  the  other  side  being  elastic,  or  that  there  is  a 
more  rigid  but  elastic  axis  and  a  contractile  covering.  It  is,  however, 
impossible  that  a  soft  structure  like  a  cilium  could  be  bent  over  in  a  uniform 
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curve  by  contraction  along  one  side  ;  such  contraction  could  only  produce 
shortening  and  wrinkling  of  the  ciliura,  effects  which  are  never  observed. 
Another  hypothesis  assumes  that  the  projecting  cilia  are  set  in  action  by 
rhythmic  lateral  contractions  in  the  protoplasm  ;  which,  by  moving  the 
rootlets,  cause  the  cilia  to  bend  over  as  a  whip  is  bent  by  movements  of  the 
wrist  applied  to  its  handle.  But  this  again  implies  an  amount  of  rigidity 
which  neither  the  cilia  nor  the  rootlets  possess,  for  it  must  be  borne  in  mind 
that  they  have  to  overcome  the  resistance  of  fluid,  and  of  fluid  which  is  in 
many  cases  highly  viscous. 

The  simplest  hypothesis  appears  to  be  that  they  are  curved  flattened 
hollow  filaments,  the  interior  communicating  with  the  cell-protoplasm.  All 
cilia  and  cilium-like  structures  (flagella)  which  are  suf- 
ficiently large  to  show  any  structural  differentiation,  ,', 
exhibit  an  external  membranous  covering  and  a  clear  and  J; 
usually  structureless  contents,  but  the  minute  size  of  ,", 
ordinary  cilia  prevents  one  from  determining  whether 
this  is  also  the  case  with  them.    If  it  is  the  case,  then 
rhythmical  variations  of  pressure  within  the  cell-proto- 
plasm, which  might,  as  in  the  case  of  amoeboid  move- 
ments, be  caused  by  alterations  in  surface  tensiqp,  would 
be  transmitted  to  the  cilia  and  would  cause  the  curve  to 
open  out,  and  again  to  assert  itself,  according  to  the 
degree  of  tension  within  the  tubular  filament.  Such 
action  can  be  imitated  with  a  curved  flattened  flexible 
tube  attached  to  a  pressure  bag  (fig.  95).    Any  increase 
of  pressure  causes  the  tube  to  straighten  out ;  on  again 
decreasing  the  pressure  the  tube  bends  over  exactly  in 
the  manner  of  a  cilium.    This  hypothesis  has  the  advan- 
tage over  the  others  which  have  been  offered  that  it 
explains  the  movements  of  cilia  on  a  theory  which  is 
similar  to  that  which  gives  the  most  probable  explanation 
of  amoeboid  movements  of  protoplasm,  viz.,  that  they  are  due  to  variations 
in  surface  tension,  and  it  thus  brings  these  two  forms  of  protoplasmic 
activity  into  line  with  one  another.     It  will  presently  be  shown  that 
the_  changes  which  occur  in  muscle  in  contraction  are  susceptible  of  a 
similar  explanation. 


Fig.  95.  —  Model 
to  illustrate 
the  action  of 
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LESSON  IX. 

THE  CONNECTIVE  TISSUES. 

AREOLAR  AND  ADIPOSE  TISSUE.    RETIFORM  TISSUE. 

1.  Take  a  little  of  the  subcutaneous  tissue  or  of  the  intermuscular  connective 
tissue  of  a  rabbit  or  guinea-pig  and  spread  it  out  with  needles  on  a  dry  slide 
into  a  lai'ge  thin  film.  Keep  the  centre  moist  by  occasionally  breathing  on 
it,  but  allow  the  edges  to  dry  to  the  slide.  Before  commencing  put  a  drop 
of  salt  solution  on  a  cover-glass,  and  now  invert  this  over  the  film.  Examine 
with  a  high  power.  Sketch,  one  or  two  bundles  of  white  fibres  and  also  one 
or  two  elastic  fibres,  distinguishable  from  the  former  by  their  sharp  outline, 
isolated  course,  and  by  their  branching.  Sketch  also  one  or  more  connective- 
tissue  corpuscles,  if  any  such  are  visible  in  the  clear  interspaces.  Look  also 
for  migratory  cells  (leucocytes).  Next  carefully  remove  the  cover-glass  and 
replace  the  salt  solution  hy  dilute  acetic  acid  (1  per  cent.).  Watch  its  effect 
in  swelling  the  white  fibres  and  bringing  more  clearly  into  view  the  elastic 
fibres  and  corpuscles.    Look  for  constricted  bundles  of  white  fibres. 

2.  Make  another  very  thin  film  in  the  same  way,  but  allow  to  dry  com- 
pletely'. Pour  over  the  film  a  1  per  cent,  solution  of  magenta  in  50  per  cent, 
alcohol,  to  which  1  drop  per  cubic  centimeter  of  a  1  per  cent,  solution  of 
gentian  violet  in  alcohol  has  just  been  added.  After  one  minute  drain  this 
off,  wipe  round  the  specimen  and  allow  the  remainder  of  the  staining  solution 
to  dry  on  the  film.  When  comjjletelj'  dry  mount  in  dammar.  The  elastic 
fibres  are  deeply  stained  ;  the  cells  are  also  well  shown. ^ 

3.  Prepare  another  film  of  the  subcutaneous  tissue,  including  a  little 
adipose  tissue.  Fix  by  pouring  over  it  formol  (10  jd.c.)  and  leave  this  in 
contact  with  the  film  for  20  minutes.  Wash  with  water  and  stain  with 
saturated  solution  of  Sudan  III.  or  Scharlach  E.  in  75  p.c.  alcohol  ;  wash 
with  75  p.c.  alcohol  to  remove  stain  from  everything  except  fat,  then  wash 
with  water  and  stain  with  dilute  hfematoxylin.  Mount  in  glycerine  and 
water.  Examine  first  with  a  low  and  afterwards  with  a  high  power.  The 
fat  is  well  brought  out  l)y  the  Sudan  III.  or  Scharlach  E,  stain  ;  if  the 
preparation  is  from  a  young  animal,  fat-cells  will  be  found  in  process  of 
formation.    Measure  and  sketch  two  or  three  of  the  cells. 

The  fat  may  also  be  stained,  without  prior  fixation,  by  treatment  with 
1  jD.c.  osmic  acid  solution. 

4.  Spread  out  another  large  film  of  connective  tissue,  letting  its  edges  dry 
to  the  slide,  but  keeping  the  centre  moist  by  the  breath.  Place  on  its  centre 
a  large  drop  of  nitrate  of  silver  solution  (1  per  cent.).  After  five  minutes 
wash  this  away  \^  ith  distilled  water,  and  expose  to  direct  sunlight  until 
slightly  brown.  Now  allow  the  film  to  dry  completely,  and  cover  it  in 
dammar  varnish  or  Canada  balsam  dissolved  in  xylol.  Sketch  the  outlines 
of  two  or  three  of  the  cell-spaces. 

5.  To  display  retiform  tissue  the  following  method  is  recommended 
by  Spalteholz.    Place  a  piece  of  the  organ  {e.g.  lymphatic  gland)  for  twenty- 

1  Mallory's  stain  (see  Appendix)  may  also  bo  used  for  connective-tissue  fibres. 
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four  hours  or  more  in  alcohol,  then  overnight  at  38°  C.  in  a  1  per  cent, 
solution  of  carbonate  of  soda  to  which  a  few  drops  of  a  solution  containing 
trypsin  have  been  added.  Cautiously  transfer  the  semi-digested  structure 
to  alcohol  again,  and  leave  it  for  a  few  hours.  Embed  in  parafiin  m  the 
usual  way  and  stain  the  sections  with  iron  hfBiuatoxylin.  The  hbnls  ot 
connective  and  retiform  tissue  are  the  only  structures  which  have  remained 
undigested  and  they  are  deeply  coloured  by  the  hfematoxylin. 


The  connective  tissues  include  areolar  tissue,  adipose  tissue,  elastic 
tissue,  fibrous  tissue,  reticular  and  lymphoid  tissue,  cartilage  and  bone. 
All  these  tissues  agree  in  certain  microscopical  and  chemical  characters. 
They,  for  the  most  part,  have  a  large  amount  of  intercellular  substance 


Fig.  96.— White  and  elastic  fibres  of  akeolar  tissue. 
A,  bundles  of  white  fibres  partly  unravelled.    B,  elastic  fibres. 

in  which  fibres  are  developed,  and  these  fibres  are  of  two  kinds — white 
and  yellow  or  elastic.  Moreover,  there  are  many  points  of  similarity 
between  the  cells  which  occur  in  these  tissues  ;  they  are  all  developed 
from  the  same  embryonic  formation,  and  they  tend  to  pass  imper- 
ceptibly the  one  into  the  other.  Besides  this,  the  use  of  these  several 
tissues  is  similar;  they  mostly  serve  to  connect  and  support  the 
other  tissues,  performing  thus  a  passive  mechanical  function.  They 
may  therefore  be  grouped  together,  although  differing  considerably 
in  external  and  even  in  microscopic  characters.  Of  the  connective 
tissues,  however,  there  are  three  which  are  so  intimately  allied  as 
to  be  naturally  considered  together,  being  composed  of  exactly  the 
same  elements,  although  difi'ering  in  the  relative  development  of  those 
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elements  :  these  are  the  areolar,  elastic,  and  fibrous  tissues.  Adipose 
tissue  and  reticular  tissue  may  both  be  looked  upon  as  special  modi- 
fications of  areolar  tissue.  Areolar  tissue  being  the  commonest  and, 
in  a  sense,  the  most  typical,  its  structure  may  be  considered  first. 

Areolar  tissue.— The  areolar  tissue  presents  to  the  naked  eye  an 
appearance  of  fine  transparent  threads  and  laminae  which  intercross  in 
every  direction  with  one  another,  leaving  intercommunicating  meshes, 
or  areolae,  between  them.  When  examined  with  the  microscope,  these 
threads  and  fibres  are  seen  to  be  principally  made  up  of  wavy  bundles  of 


Fig.  97. — Akkolar  tissue  pkkpaked  by  Recklinghausen's  silver  method. 
Magnified  200  diameters.  Pliotograph. 

The  cells  are  seen  as  clear  spaces  in  the  (brown)  stained  ground-substance,  through  which 

the  fibres  course. 


exquisitely  fine  transparent  fibres  (white  fibres,  fig.  96,  A).  The  bundles 
run  in  diff"erent  directions,  and  may  branch  and  intercommunicate  with 
one  another  (fig.  99) ;  but  the  individual  fibres,  although  they  pass  from 
one  bundle  to  another,  never  branch  or  join  other  fibres.  The  fibres 
are  cemented  together  into  the  bundles  by  a  clear  substance  containing 
mucin,  and  the  same  clear  material  forms  also  the  basis  or  ground- 
substance  of  the  tissue,  in  which  the  bundles  themselves  course,  and  in 
which  also  the  corpuscles  of  the  tissue  lie  embedded.  This  ground- 
substance  between  the  bundles  can  with  diflEiculty  be  seen  in  the  fresh 
tissue  on  account  of  its  extreme  transparency  ;  but  it  can  be  brought  to 
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view  by  staining  with  nitrate  of  silver,  as  in  §  4.  The  whole  of  the 
tissue  is  thereby  stained  of  a  yellowish  brown  colour,  with  the  excep- 
tion of  the  spaces  which  are  occupied  by  the  corpuscles  {cell-spaces, 
fig.  97).  As  Macallum  has  shown,  this  reaction  is  due  to  the  presence 
of  chlorides  in  the  intercellular  substance,  whereas  the  cell-protoplasm 
contains  none. 

Besides  the  white  fibres  of  connective  tissue  here  described,  fibres 
of  a  different  kind  (fig.  96,  B)  may  be  made  out  in  the  preparations ; 
these  are  the  elastic  fibres.  They  are  especially  well  seen  after  treatment 
with  acetic  acid,  and  after  staining  with  magenta,  or,  in  sections, 
with  orcein ;  but  they  can  be  detected  also  in  the  fresh  preparation. 
They  are  characterised  by  their  distinct  outline,  their  straight  course, 
the  fact  that  they  never  run  in  bundles,  but  singly,  and  that  they 
branch  or  join  neighbouring  fibres.    If  broken  by  the  needles  in 


Fig.  98. — A  white  bundle  swollen  by  acetic  acid.    From  the  subaeaohnoid 

TISSUE  at  the  base  OF  THE  BRAIN.     (Toldt. ) 

making  the  preparation,  the  elastic  recoil  causes  them  to  curl  up, 
especially  near  the  broken  ends.  Besides  these  histological  difi"er- 
ences,  the  two  kinds  of  fibres  differ  also  in  their  chemical  characters. 
Thus  the  white  fibres  are  formed  of  a  material  (collagen)  which  is  dis- 
solved by  boiling  in  water  yielding  gelatin,  and  by  peptic  digestion, 
but  is  not  dissolved  by  tryptic  digestion ;  whereas  the  substance  of 
which  the  elastic  fibres  are  composed  (elastin)  resists  for  a  long  time 
the  action  of  boiling  water  and  peptic  digestion,  although  it  is  dis- 
solved by  tryptic  digestion.  Moreover,  the  white  fibres  swell  and 
become  indistinct  under  the  action  of  acetic  acid ;  the  elastic  fibres 
are  unaltered  by  this  reagent.  Elastic  fibres  appear  to  have  a  sheath 
which  is  more  resistant  to  reagents  than  the  rest  of  the  fibre. 

The  bundles  of  white  fibres  which  have  been  swollen  out  by  acid 
sometimes  exhibit  constrictions  at  irregular  intervals  (fig.  98).  These 
are  in  many  instances  due  to  elastic  fibres  coiling  round  the  white 
bundles. 

The  cells  of  areolar  tissue. — Several  varieties  of  connective-tissue 
cells  are  distinguished,  viz.  :  (1)  Lamellar  cells,  which  are  flattened 
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and  often  branched  (figs.  99,  100,  c,  c')  and  may  be  united  one  to  the 
other  by  their  branches,  as  in  the  cornea  (fig.  101).  Sometimes  they 
are  unbranched  and  may  lie  along  the  fibril-bundles  and  even  themselves 
show  a  fibrillar  appearance  (tig.  99,/).  Some  authors  have  inferred 
from  this  that  those  cells  are  transformed  into  white  fibril-bundles  and 
have  termed  them  "  fibroplasts  "  ;  but  the  fibrillation  which  they  exhibit 
is  not  of  the  same  character  as  that  of  the  white  fibres,  and  is  pro- 
bably a  form  of  cytomitome,  such  as  is  seen  in  many  protoplasmic 
cells.    In  certain  situations  the  lamellar  connective-tissue  cells  are 


Fig.  99.— Sdbcutaneous  tissue  from  a  young  rabbit,  prepared  as  directed 

IN  §  1.    Highly  magnified. 

The  white  fibres  are  in  wavy  bundles  ;  the  elastic  fibres  form  an  open  network,   p,  p, 
clasmatocytes  ;  g,  plasma-cell ;  c,  c',  lamellar  cells  ;  /,  fibrillated  cell. 

greatly  flattened  out,  especially  when  they  lie  upon  the  surface  of 
aponeuroses  and  they  are  there  joined  edge  to  edge  like  the  cells  of  an 
endothelium  (fig.  103.  The  apparent  cell-spaces  in  silver  preparations 
have  of  course  in  all  cases  a  similar  arrangement  to  that  of  the  cells). 
(2)  Clasmatocytes,  which  are  composed  of  a  soft,  much-vacuolated,  often 
granular  protoplasm,  rarely  flattened,  but  otherwise  varying  greatly  in 
shape  and  size  (fig.  99,^;  fig.  I00,d).  (3)  Mast-cells  {Mast-zellen of  Ehrlich), 
usually  spheroidal  or  ovoidal  in  shape,  and  formed,  like  the  plasma-cells,  of 
soft  protoplasm,  but  thickly  occupied  with  granules,  which  are  deeply 
stained  by  gentian  violet  and  by  other  basic  aniline  dyes.    They  are 
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not  everywhere  common,  but  are  numerous  in  parts  where  fat  is  being 
laid  down  (fig.  106)'.  (4)  Plasma-cells.  These  are  characterised  by 
their  granular  protoplasm,  which  is  less  basiphil  than  that  of  the  mast- 
cells  ;  their  small  spheroidal  nucleus ;  and  their  shape,  which  is  usually 
rounded  or  only  slightly  branched. 

Migratory  leucocytes  may  also  (fig.  100,  e)  be  seen  here  and  there  in 
the  areolar  tissue  {tvander-cells). 
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Fig.  100. — Fibres  and  cells  of  areolar  tissue  of  a  guinea-pig  from  a 
FILM  preparation.  (Maximow.)  The  preparation  was  stained,  without 
fixation,  by  neutral  red. 

a,  bundles  of  white  fibres ;  b,  elastic  fibres ;  c,  lamellar  cells  ;  d,  olasmatocytes  ;  e,  plasma- 
cells  ;  /,  oxyphil  leucocytes. 

In  the  middle  coat  of  the  eye  in  mammals,  and  in  some  parts  of  the 
skin,  some  of  the  connective-tissue  cells  are  occupied  by  granules  of 
pigment  {pigment-cells). 

These  are  much  more  extensively  present  in  lower  vertebrates,  especially 
in  amphibia  and  fishes,  where  they  exhibit  amoeboid  changes  which  result  in 
the  pigment  being  at  one  time  diffused  over  a  considerable  area  and  at 
another  time  restricted  to  the  immediate  neighbourhood  of  the  nucleus. 
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Ihe  changes  thus  produced  cause  alteration  in  the  general  colour  and  shade 
of  tlie  integument,  where  such  pigment  cells  are  very  numerous,  and  serve 
the  purpose  of  protective  adaptation  of  the  animals  to  their  environment. 


Fig.  101.— Cells  of  babbit's  cornea  stained  with  gold  chlokidk. 
Magnified  300  diameters. 


The  nuclei  are  unstained.    The  cells  are  connected  by  their  branches. 


Fig.  102. — Cornea  of  rabbit,  stained  with  silver  nitrate.  Magnified 
300  diameters.     Photographed  from  a  jjreparation  hy  H.  Pringle. 

The  cells  are  unstained,  and  appear  as  white  spaces  on  a  brown  ground.  Compare 
with  fig.  101,  in  which  the  corneal  cells  are  stained. 

The  connective-tissue  cells  occupy  spaces  of  corresponding  shape  in 
the  ground-substance  (fig.  102),  between  the  bundles  of  white  fibres. 
In  some  parts  of  the  connective  tissue  the  white  bundles  are  developed 
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Fig.  103. — Epithelioid  cells  of  connective  tissue  from  the  surface  op 
AN  aponeurosis.    (Nitrate  of  silver  preparation.) 


Fig.  104.— Fat  in  mesentery  op  rabbit.    (From  Prenant,  Bouin,  and  Maillard.) 

V,  network  of  capillary  vessels ;  g,  fat-globule  ;  n,  nucleus  of  fat-cell ;  p,  protoplasmic 

envelope  to  fat-globule. 
Numerous  mast-cells  are  seen  :  in  some  of  these  there  appears  to  be  occurring  a  deposition 

of  fat. 
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to  such  an  extent  as  to  pervade  almost  the  whole  of  the  ground- 
substance,  and  then  the  connective-tissue  corpuscles  become  squeezed 


Fig.  105. — A  fkw  cells  from  the  margin  of  a  fat  lobule. 
Highly  magnified. 

f.g.  fat-globule  disteuding  a  fat-cell  ;  n,  nucleus ;  iii,  membranous  envelope  of  the  fat- 
cell  ;  c.r.  bunoh  of  crystals  within  a  fat-cell ;  c,  capillary  vessel ;  v,  venule  ;  c.t.  con- 
nective-tissue cell ;  g,  granular  cell.  The  connective-tissue  fibres  are  not  represented. 


Fig.  106.— Deposition  of  fat  in  connkctivk  tissue  cells. 

/,  a  cell  with  a  few  isolated  fat-droplets  in  its  protoplasm ;  a  coll  with  a  single  large 
and  several  minute  drops ;  /",  fusion  of  two  large  drops  ;  r/,  granular  mast-cell ; 
C.I.,  lamellar  connective-tissue  corpuscle  ;  c,  c,  network  of  capillaries. 

into  the  interstices,  flattened  lamellar  expansions  of  the  cells  extending 
between  the  bundles,  as  in  tendon  (see  next  Lesson). 

The  cells  and  cell-spaces  of  areolar  tissue  come  into  intimate  relation 
with  the  cells  lining  the  lymphatic  vessels  iind  small  blood-vessels. 
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This  connection  can  best  be  seen  in  silvered  preparations  ;  it  will  be 
again  referred  to  in  speaking  of  the  origin  of  the  lymphatics. 

Adipose  tissue  consists  of  vesicles  filled 
with  fat  (figs.  104,  105,  107)  and  collected 
into  lobides,  or  into  tracts  which  accom- 
pany the  small  blood-vessels.  The  vesicles 
are  round  or  oval  in  shape,  except  where 
closely  packed,  when  they  become  poly- 
hedral from  mutual  compression.  The 
fat-drop  is  contained  within  a  delicate 
protoplasmic  envelope  (fig.  105,  m)  which 
is  thickened  at  one  part,  and  here 
includes  an  oval  flattened  nucleus.  The 
fat  is  stained  black  by  osmic  acid  ;  a  deep 
yellow  colour  by  Sudan  III. ;  and  an 
intense  red  by  Scharlach  E.  The  vesi- 
cles are  supported  partly  by  filaments  of 
areolar  tissue,  but  chiefly  by  a  fine  net- 
work of  capillary  blood-vessels. 

The  fat  when  first  formed  in  the 
embryo  is  in  some  situations  deposited 
within  large  granular  cells  (fig.  108)  of 
a  spheroidal  or  polyhedral  shape;  some 
authorities  regard  these  cells  as  of  a  specific  nature,  for  they 
are  in  certain  situations  collected  into  large  gland-like  masses 
(fig.  108)  abundantly  supplied  with  blood-vessels,  and  gradually 
become  transformed  into  fat-cells  by  the  deposition  of  fat  in  the 


Fig.  107.— Fat-cells  froii  young 
ANIMAL.     (Ranvier.)  Osmic 

ACID  preparation. 

The  drops  of  fat  are  stained  of  an 
intense  black,  n,  nucleus  ;  g,  small 
globules  of  fat. 


Fig.  108.— Two  stages  of  formation  of  adipose  tissue.    (H.  Batty  Shaw. 

In  A  the  tissue  is  formed  of  a  gland-liku  mass  of  cells,  in  some  of  which  the  cytoplasm  is 
occupied  by  fat  globules  (looking  white  in  the  sections).  In  B  the  fat  fills  many 
of  the  cells. 
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cell-protoplasm.  Fat  is,  however,  also  laid  down  in  other  situations 
in  the  ordinary  more  loosely  arranged  flattened  or  branched  cells 
of  connective  tissue.    The  fat  appears  to  be  produced  by  a  trans- 


FiG.  109. — Retiform  tissue  ifROM  A  LYMPH-GLAND.    Moderately  magnified. 

Ir,  a  trabeculum  of  connective  tissue ;  r,  r',  retiform  tissue,  with  more  open  meshes  at  r 

and  denser  at  r'. 


formation  intp  droplets  of  fat  of  albuminous  granules  which  the 
cells  produce.  As  the  droplets  increase  in  size  they  run  together  into 
a  larger  drop,  which  gradually  fills  the  cell  more  and  more,  swelling  it 


Fig.  110.— Portion  of  the  above,  more  highly  magnified, 

showing  the  continuity  of  the  retiform  tissue,  r,  r,  with  the  connective  tissue  of  a 

trabeculum,  tr. 

out  so  that  the  cell-protoplasm  eventually  appears  merely  as  the 
envelope  of  the  fat-vesicle. 

Fat  is  found  most  abundantly  in  subcutaneous  areolar  tissue,  and 
under  the  serous  membranes ;  especially  in  some  parts,  as  at  the 
back  of  the  peritoneum  around  the  kidneys,  under  the  epicardium. 
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and  in  the  mesentery  and  omentum.  The  yellow  marrow  of  the 
bones  is  also  principally  composed  of  fat.  •  There  is  no  adipose  tissue 
within  the  cavity  of  the  cranium. 

RETICULAR  AND  LYMPHOID  TISSUE. 

Retiform  or  reticular  tissue  (figs.  109,  110,  111)  is  a  variety  of  con- 
nective tissue  in  which  the  intercellular  or  ground-substance  has  largely 
disappeared  or  is  replaced  by  fluid.  There  are  very  few  or  no  elastic 
fibres  in  it,  but  a  dense  network  of  white  fibres,  the  meshes  of  which 
vary  in  size,  being  very  small  and  close  in  some  parts;  more  open 
and  like  areolar  tissue  in  other  parts.    In  some  places  where  the 


Fig.  111. — Reticulum  of  bone-jiaruow.  (Enderlen.) 


tissue  occurs  the  fibres  are  enwrapped  by  flattened  branched  con- 
nective-tissue cells,  and  until  these  are  removed  it  is  not  easy  to  see 
the  fibres.  Chemical  diff"erences  between  the  fibres  of  retiform 
tissue  and  those  of  ordinary  areolar  tissue  have  been  described,  but 
microscopically  the  fibres  of  the  two  issues  are  indistinguishable  and 
are  found  in  continuity  with  one  another  (see  figs.  110,  112).  This 
tissue  forms  a  fine  framework  in  many  organs,  supporting  the  proper 
elements  and  extending  into  all  the  interstices  between  the  coarser 
connective-tissue  bundles.  It  can  be  well  shown  by  dissolving  the 
cells  of  the  tissue  by  tryptic  digestion  and  subsequently  staining  the 
fibres  forming  the  reticulum  (p.  80,  §  5).  In  this  way  it  may  be  demon- 
strated in  lymph-glands,  in  the  spleen,  liver,  bone-marrow  (fig.  Ill), 
mucous  membranes,  and  many  other  parts. 
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Lymphoid  or  adenoid  tissue  is  reticular  tissue  in  which  the  meshes 
of  the  network  are  largely  occupied  by  lymph-corpuscles  (fig.  112). 
This  is  by  far  the  most  common  condition  of  a  retiform  tissue,  and 
is  met  with  in  the  lymph-glands  and  allied  structures,  in  parts  of 
the  alimentary  mucous  membrane,  and  in  various  other  situations. 

Basement-membranes  {membrance  inoprice)  are  homogeneous-looking 
membranes,  which  are  found  forming  the  surface  layers  of  connective 
tissue  expansions  in  many  parts,  especially  where  there  is  a  coverino- 


Fig.  U2.— Lymphoid  tissuk  of  a  lymph-gland. 


of  epithelium,  as  on  mucous  membranes,  in  secreting  glands,  and  else- 
where. They  are  generally  formed  of  flattened  connective-tissue  cells 
joined  together  to  form  a  membrane ;  but  in  some  cases  they  are 
evidently  formed  not  of  cells,  but  of  condensed  ground-substance,  and 
in  yet  other  cases  they  are  composed  of  elastic  substance ;  the  name 
basement-membrane  has  therefore  been  used  to  denote  structures  of  an 
entirely  different  nature. 

Jelly-like  connective  tissue,  although  occurring  largely  in  the 
embryo,  is  found  only  in  one  situation  in  the  adult — viz.  forming 
the  vitreous  humour  of  the  eye.    It  is  composed  mainly  of  soft,  fluid, 
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or  semi-fluid  ground-substance,  with  cells  scattered  here  and  there 
through  it,  and  with  a  few  fibres  which  interlace  throughout  the 
tissue  and  confine  the  fluid  of  the  ground-substance  within  their 
meshes;  thus  conferring  upon  the  tissue  its  jelly-like  character. 
All  embryonic  connective  tissue  is  at  one  period  of  this  jelly-like 
nature  (see  p.  101). 
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LESSON  X. 

THE  CONNECTIVE  TISSUES  (continued). 

ELASTIC  TISSUE.     FIBROUS  TISSUE.     DEVELOPMENT  OF  CONNECTIVE 

TISSUE. 

1.  Tease  out  as  finely  as  possible  a  small  shred  of  elastic  tissue  (ligamentum 
nuclise  of  the  ox  or  ligamentum  subflavum  of  man)  in  glycerine  and  water, 
slightly  coloured  by  magenta.  Cover  and  cement  the  preparation.  Note 
the  large  well-defined  fibres  constantly  branching  and  uniting  with  one 
another.  Sketch  a  small  part  of  the  network.  Note  the  existence  of 
bundles  of  white  fibres  amongst  the  elastic  fibres. 

2.  Examine  a  thin  transverse  section  of  ligamentum  nuchse  which  has 
been  hardened  in  2  per  cent,  solution  of  bichromate  of  potash.  The  section 
is  to  be  stained  with  hsemalum  and  mounted  in  Canada  balsam  or  dammar 
by  the  usual  process,  or  simply  in  glycerine  and  water.  Observe  the 
grouping  of  the  fibres  and  their  angular  shape.  Sometimes  the  angles 
are  rounded. 

mm 

3.  "Pinch  off"  the  end  of  the  tail  of  a  dead  mouse  or  rat,  draw  out  the  long 
silk-like  tendons  and  put  them  into  salt  solution.  Take  one  of  the  threads, 
which  should  be  nearly  thi'ee  inches  long,  and  stretch  it  along  a  slide,  letting 
the  ends  dry  firmly  to  the  glass  but  keeping  the  middle  part  wet.  Put  a  short 
jDiece  of  hair  on  either  side  and  cover  in  salt  solution.  Observe  with  a  high 
power  th-^  fine  wavy  fibrillation  of  the  tendon.  Di'aw.  Now  run  dilute 
acetic  acid  (0*75  per  cent.)  under  the  cover-glass  ;  watch  the  tendon  where  it 
is  becoming  swollen  by  the  acetic  acid.  Notice  the  oblong  nucleated  cells 
coming  into  view  between  the  tendon-bundles.  Sketch  thi'ee  or  four  cells  in 
a  I'ow.  Lastly,  lift  the  cover-glass,  wash  away  the  acid  with  distilled  water, 
place  a  drop  of  Ehrlich's  hsematoxylin  or  carmalum  solution  on  the  tendon, 
and  leave  the  preparation  until  it  is  deeply  stained  ;  then  wash  away  the 
stain  and  mount  the  preparation  in  faintly  acidulated  glycerine. 

4.  Take  another  long  piece  of  mouse-tendon,  and  after  washing  it  in  distilled 
water,  stretch  it  upon  a  slide  as  before,  fixing  the  ends  by  allowing  them  to 
dry  on  to  the  slide.  Put  a  drop  of  nitrate  of  silver  solution  (1  per  cent.) 
on  the  middle  of  the  tendon,  and  leave  it  on  for  five  minutes.  Then  wash 
oflP  the  silver  nitrate  with  distilled  water,  and  expose  the  slide  to  direct 
sunlight.  In  a  very  few  minutes  the  silvered  part  of  the  tendon  will  be 
brown.  As  soon  as  this  is  the  case,  dehydrate  the  tendon  with  absolute 
alcohol  in  situ  upon  the  slide,  run  off  the  alcohol,  and  at  once  jjut  a  drop  of 
clove  oil  on  the  preparation.  In  a  minute  or  two  the  clove  oil  can  be 
replaced  by  xylol  balsam  or  dammar  and  the  preparation  covered. 

5.  Stain,  with  magenta  solution,  a  thin  section  of  a  tendon  which  has  been 
hardened  in  70  per  cent,  alcohol.  Mount  in  dilute  glycerine  and  cement 
at  once. 

6.  For  developing  connective  tissue  study  sections  of  the  umbilical  cord 
at  different  periods.  Fix  with  formol.  '  Stain  with  acid  fuchsine  and 
hsematoxylin . 
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Elastic  tissue  is  a  variety  of  connective  tissue  in  which  the  elastic 
fibres  preponderate.  It  is  found  most  characteristically  in  the  liga- 
mentum  nuchse  of  quadrupeds  and  the  ligamenta  subflava  of  the 


Fig.  113. — Elastic  fibres  from  the  ligamentum  nuch^  of  the  ox, 
showing  transverse  markings  on  the  fibres. 

vertebrae,  but  the  connective  tissue  of  other  parts  may  also  have  a 
considerable  development  of  elastic  fibres.  It  occurs  in  an  almost 
pure  form  in  the  walls  of  the  air-tubes,  and  uniting  the  cartilages 
of  the  larynx.  It  also  enters  largely  into  the  formation  of  thej  lungs 
and  of  the -walls  of  the  blood-vessels,  especially  the  arteries. 


Fig.  114.— Cross-section  of  elastic  fibres  from  the  ligamentum  NuoHiE 

OF  THE  ox. 

The  angles  of  the  fibres  are  rounded  in  this  section. 

In  the  ligamentum  nuchsB  most  of  the  fibres  are  very  large  (figs. 
113,  lU).  They  often  exhibit  cross  markings  or  even  transverse  clefts. 
When  dragged  asunder,  they  break  sharply  across.  They  constantly 
branch  and  unite,  so  as  to  form  a  close  network.    In  transverse  section 
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they  are  usually  angular,  but  sometimes  the  angles  are  rounded  off 
(fig.  114).  They  are  separated  into  small  groups  or  bundles  (fig.  114) 
by  intervening  areolar  tissue. 


Fig.  115. — Section  of  tendon,  hum.\x.   (Sobotta.)  x  32. 
t,  tendon-bundles  ;  s,  septa  of  areolar  tissue  ;  v,  vessels. 


Elastic  tissue  does  not  always  take  the  form  of  fibres,  but  may 
occur  as  membranes  {e.g.  in  the  blood-A'^essels)  (p.  210).  Sometimes  the 
fibres  are  very  small,  but  their  microscopic  and  chemical  characters  are 
always  well  marked  (see  p.  83). 

Fibrous  tissue  is  almost  wholly  made  up  of  bundles  of  white  fibres 
running  in  a  determinate  direction.    These  again  are  collected  into 
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larger  bundles,  which  give  the  fibrous  appearance  to  the  tissue.  The 
bundles  are  constantly  uniting  with  one  another  in  their  course, 
although  their  component  fibres  remain  perfectly  distinct. 

The  interspaces  between  the  larger  bundles  are  occupied  by  areolar 
tissue  (fig.  115,  s;  fig.  116,  c,  d,  e)  in  which  the  blood-vessels  and 
lymphatics  of  the  fibrous  tissue  are  conveyed.  The  interstices  between 
the  smallest  bundles  are  occupied  by  rows  of  lamellar  connective-tissue 
corpuscles  {tendon-cells),  which,  from  being  squeezed  up  between  three 
or  more  bundles,  become  flattened  out  in  tAvo  or  three  directions.  In 


c 

Fig.  116.— Part  ok  a  large  tendon  in  transverse  section.    More  highly  magnified. 

I a,  areolar  sheath  of  the  tendon,  with  the  fibres  for  the  most  part  running  transversely  ; 
but  with  two  or  three  longitudinal  bundles,  h ;  I,  lymphatic  cleft  in  the  sheath ; 
immediately  over  it  a  blood-vessel  is  seen  cut  across,  and  on  the  other  side  of  the 
figure  a  small  artery  is  shown  cut  longitudinally  ;  c,  largo  septum  of  areolar  tissue  ; 
d,  smaller  septum ;  e,  still  smaller  septum.  The  irregularly  stellate  bodies  are  the 
tendon-cells  in  section. 

transverse  section  the  cells  appear  somewhat  stellate  (fig.  116),  but 
when  seen  on  the  flat  they  appear  lamellar  (fig.  117),  and  from  this 
aspect  their  general  shape  is  square  or  oblong.  They  lie,  as  before 
said,  in  rows  between  the  tendon  bundles,  and  the  nuclei  of  adjacent 
cells  are  placed  opposite  one  another  in  pairs  (fig.  118).  The  cell-spaces 
correspond  in  general  figure  and  arrangement  to  the  cells  which  occupy 
them. 

Fibrous  tissue  forms  the  tendons  and  ligaments,  and  also  certain 
membranes,  such  as  the  dura  mater,  the  fibrous  pericardium,  the 
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fasciae  of  the  limbs,  the  fibrous  covering  of  certain  organs,  etc.  It  is 
found  wherever  great  strength,  combined  with  flexibility,  is  concerned. 
It  receives  a  few  blood-vessels,  disposed  longitudinally  for  the  most 


Fig.  117.— Tendons  ok  mouse's  tail  ;  showing  chains  ok  cells  between 
THE  tendon-bundles.    175  diameters. 

A,  stained  with  hsematoxyliii.    B,  stained  with  silver  nitrate,  showing  the  cell-spaces. 

part,  and  contains  many  lymphatics.  Both  blood-vessels  and  lymphatics 
run  in  the  areolar  tissue  which  separates  and  surrounds  the  tendon- 
bundles.  Tendons  and  ligaments  also  receive  nerve-fibres,  which,  in 
some  cases,  end  in  localised  ramifications  within  fusiform  enlargements 
of  the  tendon-bundles  (organs  of  Golgi),  while  others  terminate  in 
end-bulbs  or  in  simple  Pacinian  corpuscles.  These  will  be  described 
along  with  the  modes  of  ending  of  nerve-fibres. 


Fig.  118. — Eight  cells  from  the  same  tendon  as  uepkesknted  in  fig.  117,  A. 

425  diameters. 

The  dark  lines  on  the  surface  of  the  cells  are  the  optical  sections  of  lamellar  extensions 
directed  towards  or  away  from  the  observer. 

Development  of  connective  tissue. — Connective  tissue  is  developed 
in  and  from  the  cells  of  the  mesoderm  (mesenchyme)  of  the  embryo. 
In  those  parts  which  are  to  form  connective  tissue,  there  may 
frequently  be  seen  a  clear  space  separating  the  cell-layers  which  are 
already  formed,  this  clear  space  being  permeated  with  fibres  which 
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appear  to  be  produced  from  the  cells  bounding  the  space.  Presently 
branching  mesenchyme  cells,  which  are  budded  off  from  the  bounding 
cells,  are  found  forming  a  syncytium  within  the  clear  space  (fig.  119,  wi). 


m 

Fig.  119.— Developing  connective  tissue  in  heart  of  chick-embryo  of 

48  HOURS.  (Szily.) 

my,  cells  forming  myocardium  ;  j,  jelly  formed  of  reticulum  with  enclosed  fluid ;  e,  endo- 
thelium (mesothelium)  of  lieart ;  m,  mesenchyme  cells  in  jelly  ;  hi,  blood-corpuscles. 


Fig.  120.— Cells  of  developing  connective  tissue  (mesenchyme)  united  to 
FORM  A  SYNCYTIUM.    (From  Prenant,  Bouin,  and  Maillard.) 

No  fibres  are  as  yet  developed  in  the  intercellular  substance. 

In  the  meshes  of  the  reticular  syncytium  is  a  muco-albuminous  semi- 
fluid intercellular  substance  (ground-substance).  The  connective-tissue 
fibres,  both  white  and  elastic,  are  deposited  in  this  ground  substance, 
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the  elastic  substance  appearing  in  the  form  of  granules  (fig.  122,  g), 
which  subsequently  become  connected  together  into  elastic  fibres  or 
laminae,  as  the  case  may  be,  the  white  fibres  appearing  at  first  in 
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Fig.  121.— Jelly  of  whabton  from  umbilical  cord  of  new-born  oHrLD 

(Sobotta.)    X  280. 

/,  connective-tissue  fibres  ;  c,  cells. 


Fig.  122.— Development  of  elastic  tissue  by  deposition  op  fine  granules. 

(Ranvier.) 

g,  fibres  being  formed  of  rows  of  '  elastiu '  granules ;  p,  flat  plate-like  expansion  of 
elastic  substance  formed  by  the  fusion  of  'clastin'  granules. 


the  form  of  very  fine  bundles,  which  afterwards  become  gradually 
larger ;  so  that  in  fibrous  tissue  the  whole  ground-substance  is 
eventually  pervaded  by  the  bundles,  and  the  cells  of  the  tissue 
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become  squeezed  up  into  the  intervals  between  them.  Before  any 
considerable  development  of  fibres  has  taken  place,  the  embryonic 
connective  tissue  has  a  jelly-like  appearance;  in  this  form  it  occurs 
in  the  umbilical  cord,  where  it  is  known  as  the  jelly  of  Wharton 
(fig.  121). 

There  has  been  always  a  considerable  difference  of  opinion  as  to  the 
origin  of  the  fibres  of  connective  tissue,  some  histologists  holding  that 
they  are  formed  within  the  protoplasm  of  the  cells,  which  gradually  lose 
their  cell-characters  as  the  fibres  become  developed  within  them; 
others  taking  the  view  that  the  fibres,  both  white  and  elastic,  are 
extracellular  formations.  While  there  is  no  doubt  that  they  are 
produced  under  the  influence  of  the  cells,  for  they  first  appear  in 
close  proximity  to  those  structures,  it  seems  on  the  whole  probable 
that  the  fibres  are  deposited  in  the  grov;nd  substance  and  not  actually 
in  the  cell-protoplasm,  so  that  they  are  rather  to  be  looked  upon,  like 
the  ground-substance  itself,  as  formed  by  a  process  of  secretion  than 
by  one  of  direct  cell-transformation. 

Mall  looks  upon  the  intercellular  or  ground-substance  as  living  substance 
(exoplasm),  and  as  bringing  all  the  cells  of  the  tissue  into  continuity.  He 
regards  the  whole  structure,  cells  and  ground-substance  together,  as  con- 
stituting a  continuum,  the  fibres  being  laid  down  by  chemical  transformation 
in  the  exoplasm. 
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LESSON  XI. 

THE  CONNECTIVE  TISSUES  {continued). 

ARTICULAR  CARTILAGE.    SYNOVIAL  MEMBRANES. 

1.  Cut  two  or  three  very  thin  tangential  slices  of  the  fresh  cartilage  of  a 
joint,  mount  them  in  salt  solution,  and  examine  with  the  high  power. 
Observe  the  form  and  grouping  of  the  cells.  Look  at  the  thin  edge  of  the 
section  for  sjjaces  from  which  the  cells  have  dropped  out.  Measure  two  or 
three  cells  and  their  nuclei,  and  sketch, one  or  two  groups.  Now  replace 
the  salt  solution  by  water  and  set  the  preparation  aside  for  a  little  while. 
On  again  examining  it,  many  of  the  cartilage  cells  will  be  found  to  have 
shrunk  within  their  containing  capsules. 

2.  Make  other  sections  of  the  cartilage  (1)  from  near  the  middle,  (2)  from 
near  the  edge  at  the  attachment  of  the  synovial  membrane.  Place  the  sec- 
tions for  two  or  three  minutes  in  acetic  acid  (1  per  cent.),  wash  them  with 
"water,  and  stain  with  dilute  hsemalum  or  carmalum  solution.  When  stained 
mount  in  dilute  glycerine  and  cement  the  cover-glass.  In  (2)  look  for 
branched  cartilage  cells. 

3.  Study  vertical  sections  of  articular  cartilage  from  an  end  of  bone 
which  has  been  fixed  and  decalcified,  and  mount  the  sections  in  glycerine 
and  water,  or,  after  staining  with  htemalum,  in  dammar  or  xylol  balsam. 
Sketch  the  arrangement  of  the  cells  in  the  different  layers. 

4.  Brush  a  fresh  joint  with  distilled  water  ;  drop.  1  per  cent,  nitrate  of 
silver  solution  over  it ;  after  five  minutes  wash  away  the  nitrate  of  silver 
and  expose  in  water  to  direct  sunlight.  When  browned,  place  in  90  per 
cent,  alcohol  for  half  an  hour  or  more,  and  then  with  a  razor  wetted  with 
the  same  spirit  cut  thin  sections  from  the  surface  and  mount  in  xylol  balsam 
or  dammar  after  passing  through  clove  oil.  The  cells  and  cell-spaces  show 
white  in  the  brown  ground-substance. 

5.  To  study  the  structure  of  the  synovial  membrane  mount  other  slices 
from  the  same  silvered  preparation  of  the  joint  (§  4)  taken  just  beyond  the 
limits  of  the  articular  cartilage,  and  also  look  for  small  fringed  projections  of 
the  membrane.    Snip  them  off  with  scissors  and  mount  as  before. 

6.  The  superficial  fiexor  tendons  of  the  foot  of  the  ox  or  sheep  run  in 
grooves  formed  by  the  deep  flexors,  and  these  grooves  are  lined,  and  the 
tendons  which  pass  through  them  are  covered  by  vaginal  synovial  mem- 
branes. To  show  the  structure  of  these  treat  one  of  the  superficial  flexor 
tendons  with  silver  nitrate  in  the  manner  recommended  for  the  joint,  §  4, 
and  after  hardening  in  70  per  cent,  alcohol  cut  sections  from  the  surface  and 
mount  them  in  balsam  or  dammar  varnish. 


Cartilage  or  grktle,  is  a  translucent  bluish-white  tissue,  firm,  and  at 
the  same  time  elastic,  and  for  the  most  part  found  in  connection  with 
bones  of  the  skeleton,  most  of  which  are  in  the  embryo  at  first  repre- 
sented entirely  by  cartilage.    Three  chief  varieties  of  cartilage  are 
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distinguished.  In  one,  which  is  termed  hyaline,  the  matrix  or  ground- 
substance  is  almost  clear,  and  free  from  obvious  fibres ;  in  the  other 
two,  which  are  termed  fihro-cartilage,  the  matrix  is  everywhere  pervaded 
by  connective-tissue  fibres.  When  these  are  of  the  white  variety,  the 
tissue  is  white  fihro-cartilacje ;  when  they  are  elastic  fibres,  it  is  yellow  or 
elastic  jibro-cartilage. 

Hyaline  cartilage  occurs  principally  in  two  situations — namely  (1) 
covering  the  [ends  of  the  bones  in  the  joints,  where  it  is  known  as 


Fig.  123.— Articular  cartilage  from  head  of  metatarsal  bone  of  ampu- 
tated FOOT,  HUMAN  (OSMIO  ACID  PREPARATION).  THE  CELL-BODIES 
ENTIRELY  FILL  THE  SPACES  IN  THE  MATRIX.     340  diameters. 

'a,  group  of  two  cells ;  b,  group  of  four  cells  ;  h,  protoplasm  of  cell,  ■with  g,  fatty 

granules ;  n,  nucleus. 

articular  cartilage ;  and  (2)  forming  the  rib-cartilages,  where  it  is  known 
as  costal  cartilage.  It  also  forms  the  cartilages  of  the  nose,  of  the 
external  auditory  meatus  (but  not  the  pinna),  most  of  those  of  the 
larynx,  and  the  cartilages  of  the  windpipe ;  in  these  places  it  serves 
to  maintain  the  shape  and  patency  of  the  orifices  and  tubes. 

Articular  cartilage. — The  cells  of  articular  cartilage  are  generally 
scattered  in  groups  of  two  or  four  throughout  the  matrix  (fig.  123). 
The  latter  is  free  from  obvious  fibres,  except  at  the  extreme  edge 
of  the  cartilage,  where  the  connective-tissue  fibres  from  the  synovial 
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membrane  extend  into  it ;  and  here  also  the  cartilage-cells  are  often 
branched,  and  offer  transitions  to  the  branched  connective-tissue 
corpuscles  of  that  membrane  (transitional  cartilage,  fig.  124).  By  long 
maceration  in  brine,  however,  evidence  of  a  fibrous  structure  may  be 
obtained,  even  in  the  matrix  of  true  hyaline  cartilage.  Some  his- 
tologists  also  describe  fine  communications  in  the  matrix  uniting  the 
cartilage -cells  with  one  another,  but  these  are  of  doubtful  occurrence  in 
vertebrate  cartilage,  although  they  unquestionably  exist  in  the  cartilage 
of  cephalopods. 

The  matrix  immediately  around  the  cartilage-cells  is  often  marked  off 
from  the  rest  by  a  concentric  line  or  lines,  this  part  of  the  matrix, 
which  is  the  latest  formed,  being  known  as  the  capsule  of  the  cell 

a.         i  5 


Fig.  124.— Border  of  articular  cartilage  showing  transition  of  cartil- 
age CELLS  into  connective-tissue  CORPUSCLES  OF  SYNOVIAL  MEMBRANE. 

From  head  of  metatarsal  bone,  human.    About  340  diameters, 
o,  ordinary  cartilage-cells ;  b,  b,  with  branching  processes. 


(fig.  128).  The  cells  are  bluntly  angular  in  form,  the  sides  opposite  to 
one  another  in  the  groups  being  generally  flattened.  The  protoplasm 
is  very  clear,  but  it  may  contain  droplets  of  fat;  and  with  a  high 
power  fine  interlacing  filaments  and  granules  have  been  observed  in  it. 
During  life  the  protoplasm  entirely  fills  the  cavity  or  cell-space  which 
it  occupies  in  the  matrix  ;  but  after  death,  and  in  consequence  of 
the  action  of  water  and  other  agents,  it  tends  to  shrink  away  from  the 
capsule.    The  nucleus  is  generally  spherical. 

In  vertical  section  (fig.  125)  the  deeper  cell  groups  (c)  are  seen  to  be 
arranged  vertically  to  the  surface,  the  more  superficial  ones  (a)  parallel 
to  the  surface ;  whilst  in  an  intermediate  zone  the  groups  are  irregu- 
larly disposed  (b).  In  the  deepest  part  of  the  cartilage,  next  to  the 
bone,  there  is  often  a  deposit  of  calcareous  salts  in  the  matrix  {calcified 
cartilage,  d). 


G,. 
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two,  four, 


The  disposition  of  the  cells  of  cartilage  in  groups       ^         .  _ 
etc.,  is  apparently  clue  to  the  fact  that  these  groups  have  ofiginat^d 
from  the  division  of  a  single  cell  first  into  two,  and  these  again  nito 


Fig.  12.5.— "Vertical  section  of  akticulak  cartilage  covering  the  lower 
END  OF  the  tibia,  HUMAN.    Magnified  about  30  diameters. 

a  cells  and  cell-groups  flattened  conformably  with  the  surfiice  ;  6,  cell-groups  irregu- 
'    lai-ly  arranged  ;  c,  cell-groups  disposed  perpendicularly  to  the  surface  ;  rf,  layer  of 
calcified  cartilage ;  e,  bone. 


B 


D 


E 


Fig.  126.— Plan  of  the  multiplication  of  cells  of  cartilage.  (Sharpey.) 

A,  cell  in  its  capsule;  B,  divided  into  two,  each  with  a  capsule;  C,  primary  capsule 
disappeared,  secondary  capsules  coherent  with  matrix ;  D,  tertiary  division  ;  E, 
secondary  capsules  disappeared,  tertiary  coherent  with  matrix. 

two,  and  so  on  (fig.  126).  The  division  of  the  cartilage-cell,  like  that 
of  most  other  cells,  is  mitotic. 

It  would  seem  that  the  matrix  is  formed  of  successive  portions, 
which  are  deposited  around  each  cartilage-cell  as  the  so-called 
'  capsules,'  each  newly  formed  portion  soon  blending  in  its  turn  with 
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the  previously  formed  matrix,  wliilst  a  new  capsule  is  formed  within  it. 
The  most  newly  formed  portions  of  matrix  stain  with  haematoxylin 
more  deeply  than  the  rest,  and  in  some  cartilages  this  gives  the 
appearance  of  rounded  balls  of  darkly  stained  matter  surrounding  each 

cell  or  cell-group  (chondrin-balls,  Morner) 
(fig.  128). 

Embryonic  cartilage  is  usually  character- 
ised by  the  cells  being  sharply  angular  and 
irregular ;  they  are  even  in  some  cases 
markedly  branched,  like  those  which  occur 
at  the  junction  of  cartilage  and  synovial 
membrane  in  the  adult.  The  cells  are  also 
more  closely  packed,  the  matrix  being  in 
relatively  less  amount  than  in  later  life. 

Development. — Cartilage  is  formed  in  the 
embryo  from  mesenchyme  similar  to  that 
which  gives  origin  to  other  forms  of  con- 
nective tissue.  Each  cell  forms  a  capsule 
around  itself,  and  the  blended  capsules 
compose  the  first  matrix.  Cartilage  some- 
times remains  in  this  condition  throughout 
life ;  it  is  then  termed  parenchymatous  car- 
tilage. This  can  be  seen  in  the  mouse's  ear ; 
where  also  the  cartilage  cells  become  filled 
with  fat.  Cartilage  at  first  grows  partly 
by  interstitial  expansion  (accompanied  by 
Fig.  127.— Villus  of  synovial  cell  multiplication  and  by  formation  around 

MEMBRANE.     (Hammar.)  t    ^     ,  ,  n         c   •  11    1  1 

and  between  the  cells  oi  intercellular  sub- 
stance), partly  by  apposition  at  the  perichondrium,  the  connective  tissue 
becoming  here  transformed  into  cartilage.  At  a  later  period  of  growth 
the  increase  in  size  and  change  in  shape  of  cartilages  are  due  almost 
entirely  to  the  agency  of  the  perichondrium. 

Synovial  Membranes, 

The  synovial  membranes  are  often  compared  with  the  serous 
membranes.  They  are  indeed,  like  the  latter,  connective-tissue 
membranes  which  bound  closed  cavities  moistened  with  fluid,  but 
they  are  not  connected  with  the  lymphatic  system,  nor  is  the  fluid 
(synovia)  which  moistens  them  of  the  nature  of  lymph.  Moreover, 
there  is  either  no  endothelial  lining,  or  it  occurs  only  in  patches, 
in  place  of  the  continuous  lining  which  we  find  in  the  serous  mem- 
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branes.  Long  villus-like  projections,  simple  (fig.  127)  or  compound — 
the  so-called  Haversian  fringes — occur  in  some  situations  ;  they  are 
beset  in  parts  by  small  rounded  cells,  and  probably  serve  to  extend 
the  surface  for  the  secretion  of  synovia.  The  blood-vessels  of  synovial 
membranes  are  numerous,  and  approach  close  to  the  inner  surface  of 
the  membrane.  They  are  well  seen  in  preparations  from  an  injected 
limb. 
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LESSON  XII. 
THE  CONNECTIVE  TISSUES  {continued). 
COSTAL  CARTILAGE.  FIBRO-CARTILAGE. 

1.  Make  transverse  and  tangential  sections  of  a  rib-cartilage,  which  may 
either  l)e  fresh,  or  may  have  been  pi'eserved  in  spirit  or  formol.  Stain  them 
with  htemalum  or  carnialum  (if  fresh,  after  treatment  with  acetic  acid  as  in 
Lesson  XI.  §  2,  or  they  may  be  placed  for  an  hour  or  two  in  "5  p.c.  csmic 
acid),  and  mount  in  glycerine.  Sketch  a  part  of  a  transverse  section  under 
a  low  power  under  a  cell-group  from  one  of  the  tangential  sections  under  a 
high  power.  Notice  especially  the  arrangement  of  the  cells,  somewhat 
concentric  near  the  surface  but  radial  near  the  centre.  The  costal  cartilao-es 
tend  to  become  ossified  near  the  middle  in  most  animals,  but  in  man  when 
ossification  occurs  it  is  the  superficial  layer  which  is  invaded. 

2.  Make  sections  of  the  cartilage  of  the  external  ear  (pinna),  either  fresh 
or  after  hardening  in  alcohol.  Mount  in  dilute  glycerine  faintly  coloured 
with  magenta  or  stain  with  orcein  and  mount  in  balsam.  The  upper  end  of 
the  arytenoid  cartilages  of  the  ox  or  calf  may  also  be  employed.  Notice  the 
large  i^eticulating  elastic  fibres  in  the  matrix.  Notice  also  the  isolated 
granules  of  elastin,  and  around  the  cartilage-cells  an  area  of  clear  ground- 
substance.  If  from  the  ear  of  the  mouse  or  i^at  there  is  very  little  matrix 
and  no  elastic  fibres,  and  the  cells  are  almost  in  contact  (parenchymatous 
cartilage)  ;  these  cells  also  contain  fat  (staining  with  osmic  acid). 

3.  Mount  a  section  of  the  epiglottis  in  the  same  way.  Notice  the  closer 
network  of  much  finer  fibres  in  its  cartilage. 

4.  Cut  sections  of  white  fil:)ro-cartilage  (intervertebral  disk  or  semilunar 
cartilage  of  knee),  which  has  been  hardened  in  picric  acid  followed  by  spirit, 
or  in  spirit  only.  Stain  the  sections  with  dilute  hsemalum  or  carmalum. 
Mount  in  dilute  glycerine.  Observe  the  wavy  fibres  in  the  matrix  and  the 
cartilage-cells  lying  in  clear  areas  often  concentrically  striated.  Look  for 
branched  cartilage-cells.  Sketch  three  or  four  cells  and  the  adjoining 
fibrous  matrix. 


Costal  cartilage. — In  the  costal  cartilages  the  matrix  is  not 
always  so  clear  as  in  the  cartilages  of  the  joints,  for  it  more  often 
happens  that  fibres  become  developed  in  it.  The  cells  are  generally 
larger  than  those  of  articular  cartilage,  and  collected  into  larger  groups 
(fig.  128).  Near  the  circumference,  and  under  the  perichondrium 
or  fibrous  covering  of  the  cartilage,  they  are  flattened  and  parallel  to 
the  surface,  but  in  the  deeper  parts  they  have  a  more  irregular  or  a 
radiated  arrangement.  They  frequently  contain  fat.  The  cartilages 
of  the  larynx  and  windpipe  and  of  the  nose  resemble  on  the  whole 
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the  costal  cartilages,  but  the  study  of  them  may  be  deferred  until  the 
organs  where  they  occur  are  dealt  with. 

Elastic  or  yellow  fibro-cartilage  occurs  in  only  a  few  situations. 
These  are,  the  cartilage  of  the  external  ear  and  that  of  the  Eustachian 


-it' 
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Fig.  128.— Section  of  costal  cartilage.    Photograph.    Magnified  240  diameters. 
The  section  shows  several  groups  of  cartilage-cells.    Capsule  outlines  are  seen  around  the 
groups  and  also  around  the  individual  cells.    The  part  around  the  cells  and  cell- 
groups  is  stained  more  than  the  rest  of  the  matrix. 


Fig.  129.— Section  op  elastic  cabtilage  of  kae,  human.    (Sobotta.)  x280. 

c,  cartilage  cells  ;  caj3,ttheir  capsules  ;  vi,  clear  matrix  around'cells  and  cell-groups  ; 

/,  elastic  fibres. 

tube,  and  the  epiglottis  and  cartilages  of  Santorini  of  the  larynx.  The 
matrix  is  everywhere  pervaded  with  well-defined  branching  fibres, 
which  unite  with  one  another  to  form  a  close  network  (figs.  129,  130). 
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Fig.  130.— Section  of  elastic  cartiLj^ge  (upper  part  of  arytenoid  of  calf) 
STAINED  with  MAGENTA.    Photograph.    Magnified  200  diameters. 

The  elastin  is  seen  partly  in  the  form  of  a  granular  deposit,  partly  as  finer  and  coarser 
intercommunicating  fibres.  These  are  nowhere  in  contact  with  the  cartilage-cells, 
which  are  surrounded  by  clear  cartilage-matrix.  At  most  parts  of  the  section  the 
cells  have  dropped  out,  but  two  or  three  are  seen  still  in  situ. 


Fig.  131.— Section  of  white  fibro-oartilage.  Photograph. 
Magnified  200  diameters. 

The  ground-substance  is  pervaded  by  wavy  connective-tissue  fibres. 


WHITE  FIBRO-CARTILAGE. 


Ill 


These  fibres  resist  the  action  of  acetic  acid,  and  are  stained  deeply 
by  magenta;  they  are  evidently  elastic  fibres.  In  the  ox  they  are 
very  large,  but  smaller  in  man,  especially  in  the  cartilage  of  the 
epiglottis.  They  appear  to  be  developed,  as  with  elastic  tissue  else- 
where (see  p.  100),  by  the  deposition  of  granules  of  elastin  in  the 
matrix,  which  at  first  lie  scattered,  but  afterwards  become  joined  to 
form  the  fibres. 

WMte  fibro-cartilage  is  found  wherever  great  strength  combined 
with  a  certain  amount  of  rigidity  is  required  :  thus  we  frequently 
find  fibro-cartilage  joining  bones  together,  as  in  the  intervertebral 
disks  and  other  symphyses.  But  in  these  cases  the  part  in  contact 
with  the  bone  is  always  hyaline  cartilage,  which  passes  gradually 
into  the  fibro-cartilage  forming  the  bulk  of  the  symphysis.  Fibro- 


FiG.  132. — White  fibro-cautilage  kkom  an  intervertebral  disk,  human. 

Highly  magnified. 

The  concoutric  liuea  around  the  cells  indicate  the  limits  of  deposit  of  successive  capsules. 
One  of  the  cells  has  a  forked  ijrocess  which  extends  beyond  the  hyaline  area  sur- 
rounding the  cell,  amongst  the  fibres  of  the  general  matrix. 


cartilage  is  often  found  lining  grooves  in  which  tendons  run, 
and  it  may  be  found  in  the  tendons  themselves.  It  is  also  em- 
ployed to  deepen  cup-shaped  articular  surfaces ;  and  in  the  case  of 
the  interarticular  cartilages,  such  as  those  of  the  knee  and  lower  jaw, 
to  allow  greater  freedom  of  movement  whilst  diminishing  the  liability 
to  dislocation.  Under  the  microscope  white  fibro-cartilage  looks  very 
like  fibrous  tissue,  but  its  cells  are  cartilage-cells,  not  tendon-cells 
(figs.  131,  132).  They  are  rounded  or  bluntly  angular  and  surrounded 
by  a  concentrically  striated  area  of  clear  cartilage-matrix.  In  some 
parts  of  the  intervertebral  disk  many  of  the  cells  are  branched, 
and  may  be  looked  upon  as  transitional  forms  to  connective-tissue 
corpuscles. 
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LESSON  XIII. 

THE  CONNECTIVE  TISSUES  {continued). 

BONE;  STRUCTURE  AND  DEVELOPMENT. 

1.  In  thin  sections  of  hard  bone  made  by  grinding,^  observe  the  Haversian 
canals,  lamellfe,  lacunfie,  canaliculi,  etc.  Make  a  sketch  first  under  a  low  and 
afterwards  under  a  high  power. 

2.  With  fine  forceps  strip  off  a  thin  shred  from  the  superficial  layers  of  a 
bone  which  has  been  decalcified  in  5  p.c.  commercial  sulphurous  acid  and 
afterwards  washed  Avith  water  for  24  hours.  It  may  be  kept  in  dilute 
alcohol.  Mount  the  shred  in  water.  Observe  the  fibrous  structure  of  the 
lamellte.  Look  for  perforating  fibres  or  the  holes  from  which  they  have 
been  dragged  out.    Sketch  a  small  piece  of  the  thin  edge  of  a  lamella. 

3.  Stain  with  dilute  magenta  and  hsemalum  solution,  or  with  methyl-blue 
and  eosin,  very  thin  sections  of  compact  bone  which  has  been  fixed  with 
10  p.c.  formol  (1  to  3  days)  and  then  decalcified  in  sulphurous  acid  as  above. 
Mount  in  dilute  glyce)'ine,  cementing  at  once.  Look  for  fibres  of  Sharpey 
piercing  the  circumferential  lamellae.  The  elastic  perforating  fibres  are  more 
darkly  stained  than  the  others.  Notice  the  stained  nuclei  of  the  bone- 
corpuscles  in  the  lacunae.  In  the  thinnest  parts  of  the  sections  try  to  make 
out  the  blood-vessels  and  other  structures  in  the  Haversian  canals. 

4.  Mount  in  xylol  balsam  or  dammar  a  section  of  a  foetal  lower  jaw 
which  has  been  stained  in  bulk  and  embedded  in  jDaraffin.^  Find  the  part 
where  the  lower  jaw-bone  is  becoming  ossified,  and  carefully  study  the 
appearance  which  it  presents.  The  bone  is  prolonged  in  the  form  of 
osteogenic  fibres  which  are  covered  with  osteoblasts. 

5.  Intramembranous  ossification  may  also  be  studied  in  the  parietal  bone 
of  a  foetus  which  has  been  preserved  in  Miiller's  fiuid.  A  piece  of  the 
growing  edge  is  scraped  or  brushed  free  from  its  investing  membranes,  and 
from  most  of  the  cells  which  cover  and  conceal  it,  and  is  mounted  in 
glycerine  with  or  without  previous  staining  with  carmalum. 

6.  Mount  in  balsam  or  dammar  sections  of  a  foetal  limb  (which  may  have 
been  stained  in  bulk).  The  bones  will  be  found  in  diftereut  stages  of 
ossification,  those  of  the  digits  being  least  developed.  Make  sketches  illus- 
trating the  three  chief  stages  of  endochondral  ossification.  Notice  the 
peculiar  terminal  ossification  of  the  third  phalanx. 


Bone  is  a  connective  tissue  in  which  the  ground-substance  is 
impregnated  with  salts  of  lime,  chiefly  phosphate,  these  salts  consti- 
tuting about  two-thirds  of  the  weight  of  the  bone.    When  bones  are 

1  Such  a  section  should  be  purchased, 

2  See  Appendix  for  method  of  staining  in  bulk.  In  place  of  this  the  sections  may 
be  stained  by  Mallory's  method,  which  brings  out  the  osteogenic  fibres. 
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macerated  this  earthy  matter  prevents  the  putrefaction  of  the  animal 
matter.    When  bones  are  calcined  they  lose  one-third  of  their  weight, 


Fig.  133.— Section  op  a  decalcified  human  eadius.    (Sobotta.)  x48. 

p,  periosteum  ;  pi,  periosteal  bony  lamellss ;  p'V,  deeply  seated  lainellse  between  the 
Haversian  systems ;  H,  Haversian  systems ;  tr,  ir,  trabeculte  of  spongy  substance  ; 
ml,  lamellfe  bounding  medullary  spaces. 


owing  to  the  destruction  of  the  animal  matter ;  when  steeped  in  acid 
the  earthy  salts  are  dissolved  and  only  the  animal  matter  is  left.  This, 
like  areolar  and  fibrous  tissue,  is  converted  into  gelatine  by  boiling. 

H 
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Bony  tissue  is  either  compact  or  cancellated.  Compact  bone  is  dense, 
like  ivory ;  cancellated  is  spongy  with  obvious  interstices.  The  outer 
layers  of  all  bones  are  compact,  and  the  inner  part  is  generally 
cancellated,  but  the  shaft  of  a  long  bone  is  almost  entirely  made  up  of 
compact  substance,  except  along  the  centre,  which  is  hollow  and  filled 
with  marrow.    The  interstices  of  cancellated  bone  are  also  occupied 
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Fig.  134. — Photogkaph  of  transverse  section  of  compact  bone,  made  by 
grinding,  showing  three  haversian  canals  with  their  concentric 

LAMELLiB,  AND  ALSO  INTER-HAVERSIAN   BONY   SUBSTANCE.     Magnified  200 

diameters. 

a,  Haversian  canal,  filled  with  air  and  debris ;  n',  a  very  sraall  canal ;  6,  b,  junction  of 
two  Haversian  systems  ;  b',  margin  of  Haversian  system  abutting  on  inter-Haversian 
lamellse ;  c,  c,  c,  lamellre  parallel  to  periosteum ;  d,  inter-Haversian  bone  with 
irregular  lacunae. 

by  marrow.  Externally  bones  are  covered  except  at  the  joints  by  a 
vascular  fibrous  membrane,  the  inriosteum. 

True  bone  is  always  made  up  of  lamellce,  and  these  again  are  com- 
posed of  fine  fibres  lying  in  a  calcified  ground-substance.  Between  the 
lamellae  are  branched  cells,  the  bone-corpuscles,  which  lie  in  cell-spaces 
or  lacunce.  The  ramified  passages  which  contain  the  cell-processes  are 
termed  canaliculi. 

In  cancellated  bone  the  blood-vessels  run  in  the  interstices  supported 
by  the  marrow.  In  compact  bone  they  are  contained  in  little  canals — 
the  Haversian  canals — which  everywhere  pervade  the  bone.  These 
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canals  are  about  0-05  mm.  (^^^  inch)  in  diameter,  but  some  are 
smaller,  others  larger  than  this.  Their  general  direction  is  longi- 
tudinal, i.e.  parallel  to  the  long  axis  of  the  bone,  but  they  are 
constantly  united  by  transversely  and  obliquely  running  passages. 
In  a  section  across  the  shaft  of  a  long  bone  they  are  seen  as  small 
rounded  or  irregular  holes  (fig.  133).  When  the  section  has  been 
made  by  grinding,  the  holes  get  filled  up  with  air  and  debris,  and 


Fig.  135. — Longitudinal  section  op  compact  bone,  showing  haversian 

SYSTEMS    OF    LAMELLiE,    AND    INTER-HAVERSIAN   BONE.       Magnified  200 

diameters. 

a,  Haversian  canals  cut  longitudinally  ;  b,  junction  of  two  Haversian  systems  of  lamellae ; 
c,  margin  of  Haversian  system  abutting  upon  inter-Haversian  bone  with  irregular 
lacunae,  d. 

•they  then  look  black  by  transmitted  light,  as  do  also  the  lacunae 
;and  canaliculi  (figs.  134,  135).  Most  of  the  lamellae  in  compact  bone 
:  are  disposed  concentrically  around  the  Haversian  canals ;  they  are 

known  as  the  Haversian  lamellae,  and  with  the  included  canal  form 

what  is  known  as  a  Haversian  system.  The  lacunee  of  a  Haversian 
:  system  communicate  with  one  another  and  with  the  Haversian  canal, 

but  not  as  a  rule  with  the  lacunae  of  adjacent  Haversian  systems.  The 
i  angular  interstices  between  the  Haversian  systems  are  generally 
'Occupied  by  bony  substance  which  is  fibrous  but  not  lamellar  (figs. 

134,  135,  d).  Besides  the  lamellae  of  the  Haversian  systems  there  is  a 
'  certain  thickness  of  bone  at  the  surface,  immediately  underneath  the 
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periosteum,  which  is  composed  of  lamellae  arranged  parallel  with 
the  surface;  these  are  the  circumferential  or  periosteal  lamellce  (fig. 
133,  pi).  They  are  pierced  here  and  there  by  simple  canals  for 
blood-vessels,  the  so-called  Folhnann's  canals,  which  are  proceeding 
from  the  periosteum  to  join  the  system  of  Haversian  canals,  and 
also  by  calcified  bundles  of  white  fibres  and  by  elastic  fibres  which 
may  also  be  prolonged  from  the  periosteum.  These  are  the  per- 
f orating  fibres  of  Sharpey  (fig.  136). 


Fig.  136.— Tkansverse  section  of  decalcified  human  tibia,  from  near  the 

surface  of  the  shaft. 

H,  H,  Haversian  canals,  with  their  systems  of  concentric  lamellfe  ;  in  all  the  rest  of  the 
figure  the  lamellse  are  circumferential ;  s,  s,  ordinary  perforating  fibres  of  Sharpey  ; 
e,  e,  elastic  perforating  fibres.    Drawn  under  a  power  of  about  150  diameters. 

The  lamellae  of  bone  are  fibrous  in  structure.  This  may  be  seen  in 
shreds  torn  off  from  the  superficial  layers  of  a  decalcified  bone 
(fig.  137).  The  fibres  (decussating  fibres  of  Sliarpey,  lainellafibres)  often 
cross  one  another  in  adjacent  lamellae,  and  in  the  Haversian  systems 
they  run  in  some  lamellae  concentrically,  in  others  parallel  with  the 
Haversian  canal.  In  shreds  of  lamellae  which  have  been  peeled  ofi" 
from  the  surface  the  perforating  fibres  may  sometimes  be  seen  pro- 
jecting from  the  irface  of  the  shred,  having  been  torn  out  of  the 
deeper  lamellae  (fig.  137,  c,  c).    When  tendons  or  ligaments  are  inserted 
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into  bone,  their  bundles  of  white  fibres  are  prolonged  into  the  bone  as 
perforating  fibres. 

The  lacunEe  are  occupied  by  nucleated  corpuscles,  which  send 
branches  along  the  canaliculi  (fig.  138).  They  have  a  special  lining 
layer  different  in  chemical  composition  from  the  rest  of  the  bone,  being 
much  more  resistant  to  the  action  of  strong  chemical  solvents  such  as 
hydrochloric  acid  (Neumann).  The  dentinal  tubules  of  the  teeth  have 
a  similar  lining  layer. 

The  Haversian  canals  contain  one  or  two  blood-capillaries  and 
nervous  filaments,  besides  a  little  connective  tissue ;  and  the  larger  ones 


Fig.  137.— Lamella  toen  off  from  a  decalcified  human  parietal  bone  at 

SOME  DEPTH  FROM  THE  SURFACE.  (Sharpey.) 

o,  lamellae,  showing  decussating  fibres ;  6,  b,  thicker  part,  where  several  laraellse  are 
superposed  ;  c,  c,  perforating  fibres  ;  the  fibrils  which  compose  them  are  not  shown 
in  the  figure.  Apertures  through  which  perforating  fibres  had  passed  are  seen, 
especially  in  the  lower  part,  a,  of  the  figure.  Magnitude  as  seen  under  a  power  of 
200  diameters,  but  not  drawn  to  scale.    (From  a  sketch  by  Allen  Thomson.) 

may  also  contain  a  few  marrow-cells.  There  are  also  cleft-like  lym- 
phatic spaces  running  with  the  vessels,  their  cells  being  connected 
through  canaliculi  with  branches  from  corpuscles  within  the  neigh- 
bouring lacunae  of  the  osseous  substance  (fig.  139). 

The  periosteum  may  be  studied  in  torn-off"  shreds,  in  preparations 
stained  in  situ  with  silver  nitrate,  and  in  stained  sections  from  an 
unmacerated  bone  which  has  been  decalcified.  It  is  a  fibrous 
membrane  composed  of  two  layers,  the  inner  of  which  contains 
many  elastic  fibres.  In  the  outer  layer  numerous  blood-vessels 
ramify  and  send  branches  to  the  Haversian  canals  of  the  bone.  The 
periosteum  ministers  to  the  nutrition  of  the  bone,  partly  on  account 
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of  the  blood-vessels  and  lymphatics  it  contains,  partly,  especially  in 
young  animals,  on  account  of  the  existence  between  it  and  the 
bone  of  a  layer  of  osteoblasts  or  hone-formincj  cells,  a  remainder  of 


Fig.  138. — A  bone-cell  isolated 

AND  HIGHLY  MAGNIFIED. 

(Joseph. ) 

a,  proppr  wall  of  the  lacuna  (Neu- 
mann's layer),  where  the  corpuscle 
has  shrunken  away  from  it. 


Fig.  139. — Section  op  a  havehsian  canal, 

SHOWING  ITS  CONTENTS.  Highly 

magnified. 

a,  small  arterial  capillary  vessel ;  v,  large  venous 
capillary ;  n,  pale  nerve-fibres  cut  across ; 
I,  cleft-like  lymphatic  vessel ;  one  of  the  cells 
formingits  wall  communicates  by  fine  branches 
with  the  branches  of  a  bone-corpuscle.  The 
substance  in  which  the  vessels  run  is  connec- 
tive tissue  with  ramified  cells ;  its  finely 
granular  appearance  is  probably  due  to  the 
cross-section  of  fibrils.  The  canal  is  sur- 
rounded b^  several  concentric  lamellae. 


those  which  originally  produced  the  bone.  It  also  sBrves  to  give 
attachment  to  muscular  fibres. 

The  marrow  of  bone  has  been  already  studied  (pp.  43  to  46). 


DEVELOPMENT  OF  BONE. 

True  bone  is  formed  in  all  cases  by  ossification  of  connective  tissue. 
Sometimes  the  bone  is  preceded  by  cartilage,  which  first  becomes 
calcified,  and  this  is  then  invaded,  and  for  the  most  part  removed,  by 
an  embryonic  connective  tissue  which  re-deposits  bony  matter  in  the 
interior  of  the  cartilage.  This  is  intracartilaginous  or  endochondral  ossi- 
fication. At  the  same  time  layers  of  bone  are  being  formed  outside  the 
cartilage  underneath  the  periosteum.  The  whole  bone  thus  formed  is 
termed  a  cartilage-bone.  Sometimes  the  bone  is  not  preceded  by  carti- 
lage, and  then  the  only  process  which  occurs  is  one  corresponding  to  the 
subperiosteal  ossification  of  the  cartilage  bone ;  the  ossification  is  then 
known  as  intramembranous,  and  the  bone  formed  is  a  membrane-bone. 

Ossification  in  cartilage. — This  may  be  described  as  occurring  in 
three  stages.  In  the  first  stage  the  cells  in  the  middle  of  the  cartilage 
become  enlarged  and  arranged  in  rows  radiating  from  the  centre 
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(fig.  140),  and  fine  granules  of  calcareous  matter  are  deposited  in  the 
matrix.  Simultaneously  with  this  the  osteoblasts  underneath  the 
periosteum  deposit  a  layer  or  layers  of  fibrous  lamella?  upon  the 


Fig.  140.— Section  op  phalangeal  bone  of  human  fcetus  at  the  time  of 
COMMENCING  OSSIFICATION.  (From  a  preparation  by  F.  A.  Dixey.)  The 
preparation  was  stained  in  bulk  with  magenta.  The  drawing  is  made  from 
a  photograph,  and  is  magnified  about  75  diameters. 

The  cartilage  cells  in  the  centre  are  enlarged  and  are  separated  from  one  another  by  stained 
calcified  matrix  ;  im,  layer  of  bone  deposited  underneath  the  periosteum  ;  o,  layer  of 
osteoblasts  by  which  the  layer  has  been  formed.  Some  of  the  osteoblasts  are  already 
embedded  in  the  now  bone  as  bone-cells  within  lacuna;.  The  cartilage-cells  are 
flattened  and  arranged  in  rows  above  and  below  the  calcified  centre.  At  the  ends  of 
the  cartilage  the  colls  are  small,  and  the  gi'oups  are  irregularly  arranged ;  the  fibrous 
periosteum  is  not  sharply  marked  off  from  the  cartilage. 

surface  of  the  cartilage,  and  these  lamellae  also  become  calcified 
(fig.  140,  im).  As  they  are  formed,  some  of  the  osteoblasts  (o)  are 
included  between  them  and  become  bone-corpuscles. 

In  the  second  stage  some  of  the  subperiosteal  tissue  eats  its  way 
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through  the  newly  formed  layer  of  bone  and  into  the  centre  of  the 
calcified  cartilage  (fig.  141,  ir).  This  is  freely  absorbed  before  it 
(fig.  143),  so  that  large  spaces  are  produced  which  are  filled  with 
osteoblasts,  and  contain  numerous  blood-vessels  which  have  grown 
in  at  the  same  time.  These  spaces  are  termed  medullary  spaces,  and 
this  second  stage  may  be  termed  the  stage  of  irruption. 

®  «es,  ®  ®  ®  „®s 


Fig.  141.— Section  of  part  of 
one  of  the  limb-bones  of 
a  f(etal  cat,  at  a  moke 
advanced  stage  of  ossifi- 
cation than  is  bepbesented 
in  fig.  140,  and  somewhat 
more  highly  magnified. 
Drawn  from  a  photograph. 

The  calcification  of  the  cartilage- 
matrix  has  advanced  from  the 
centre,  and  is  extending  between 
the  gi-oups  of  cartilage-cells,  which 
are  arranged  in  characteristic 
rows.  The  subperiosteal  bony 
deposit  has   e.xtended  pai-i 

passu  with  the  calcification  of  the 
cartilage-matrix.  The  cartilage 
cells  in  the  calcified  part  are 
mostly  shrunken  and  stellate  ;  in 
some  cases  they  have  dropped  out 
of  the  spaces.  At  ir  and  in  two 
other  places  an  irruption  of  the 
subperiosteal  tissue,  composed  of 
ramified  cells  w-ith  osteoblasts 
and  growing  blood-vessels,  has 
penetrated  the  subperiosteal  bony 
crust,  and  has  begun  to  excavate 
secondary  areolse  or  medullary 
spaces ;  p,  fibi  ous  layer  of  the 
periosteum  ;  o,  layer  of  osteo- 
blasts, some  of  them  are  em- 
bedded in  the  osseous  layer  as 
bone-coi-puscles  in  lacunse.  The 
blood-vessels  are  occupied  by  blood- 
corpuscles.  Bej'oud  the  line  of 
ossific  advance  the  ijoriosteum 
may  be  noticed  to  be  distinctly 
incurved.  This  incurvation  is 
gradually  moved  on,  the  carti- 
lage expanding  behind  it  until 
the  head  of  the  bone  is  reached, 
when  it  forms  the  periosteal 
notch  or  groove  represented  in 
figs.  144  and  147. 


I7n 


In  the  third  stage  of  endochondral  ossification  there  is  a  gradual 
advance  of  the  ossification  towards  the  extremities  of  the  cartilage,  and 
at  the  same  time  a  gradual  deposition  of  fresh  bony  lamellte  and  spicules 
on  the  walls  of  the  medullary  spaces,  and  on  the  surface  of  the  new 
bone  under  the  periosteum.  The  advance  into  the  cartilage  always 
takes  place  by  a  repetition  of  the  same  changes,  the  cartilage-cells  first 
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enlar-in^  and  becoming  arranged  in  rows,  the  matrix  between  the 
rows'becoming  calcified,  and  then  the  calcified  cartilage  becoming 
excavated  from  behind  by  the  osteoblastic  tissue  so  as  to  form  new 
medullary  spaces  (fig.  142).  The  walls  of  these  are  at  first  formed  only 
by  remains  of  the  calcified  cartilage-matrix  (fig.  142,  c),  but  they  soon 
become  thickened  by  lamella?  of  fibrous  bone  which  are  deposited  by 
the  osteoblasts,  and  between  which  bone-corpuscles  become  included, 


Fig.  142.— Paet  of  a  longi- 
tudinal SECTION  OF  THE 
DEVELOPING    FEMUR     OF  THE 

KABBIT.  (Klein.)  Drawn  un- 
der a  magnifying  power  of  350 
diameters. 

a,  rows  of  flattened  cartilage-cells ; 
6,  greatly  enlarged  cartilage-cells 
close  to  the  advancing  bone,  the 
matrix  between  is  partly  calcified ; 
c,  d,  already  formed  bone,  the 
osseous  trabeculas  being  covered 
with  osteoblasts  (e)  except  here  and 
there,  where  an  osteoclast  (/)  is 
seen  eroding  parts  of  the  trabe- 
culie ;  g,  h,  cartilage-cells  which 
have  become  shrunken  and  irre- 
gular in  shape.  From  the  middle 
of  the  figure  downwards  the 
trabeculse,  which  are  formed  of 
calcified  cartilage-matrix,  are  be- 
coming covered  with  secondai-y 
osseous  substance  deposited  by 
the  osteoblasts.  The  vascular 
loops  at  the  extreme  limit  of  the 
bone  are  well  shovm,  as  well  as 
the  abrupt  disappearance  of  the 
cartilage-cells. 


as  in  the  case  of  the  subperiosteal  bone.  The  latter  advances  pari  passu 
with  the  endochondral  calcification,  but  beyond  this  the  uncalcified 
'  artilage  grows  both  in  length  and  breadth,  so  that  the  ossification 
IS  always  advancing  into  larger  portions  of  cartilage;  hence  the 
endochondral  bone  as  it  forms  assumes  the  shape  of  an  hour-glass, 
I  he  cylindrical  shape  of  the  shaft  being  maintained  by  additions  of 
periosteal  bone  to  the  outside  (see  fig.  144).    The  absorption  of  the 
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calcified  cartilage-matrix  appears  to  be  effected,  as  is  the  case  with 
absorption  of  bony  matter  wherever  it  occurs,  by  large  multi-nucleated 
cells  (fig.  142,  /,/)  which  are  termed  osteoclasts.  They  are  multi-nucleated 
giant  cells  like  those  of  the  marrow,  and  are  always  found  on  surfaces 
where  absorption  of  bone  is  taking  place,  whereas  the  osteoblasts  are 
always  found  covering  surfaces  where  bony  deposit  is  proceeding 
(fig.  145). 


Fig.  143. — Longitudinal  section  through  part  of  a  phalanx  op  a  six 
months'  human  embryo.    (Kolliker. ) 

The  calcified  cartilage  is  completely  absorbed  almost  to  the  limit  of  advancing  calcifica- 
tion. Tlie  osseous  substance  on  either  side  is  jieriosteal  bone.  The  embryonic 
marrow  has  shrunk  somewhat  away  from  it. 


The  bone  which  is  first  formed  is  more  reticular  and  less  regularly 
lamellar  than  that  of  the  adult,  and  contains  no  Haversian  systems. 
The  regular  lamellae  are  not  deposited  until  some  little  time  after 
birth,  and  their  deposition  is  generally  preceded  by  a  considerable 
amount  of  absorption.  It  is  about  this  time  also  that  the  medullary 
canal  of  the  long  bones  is  formed  by  the  absorption  of  the  bony 
tissue  which  originally  occupies  the  centre  of  the  shaft. 
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After  a  time  the  cartilage  in  one  or  both  ends  of  the  long  bones 
begins  to  ossify  independently,  and  the  epiphyses  are  formed  (fig.  148). 


Fig.  144. — Longitudinal  sec- 
tion THROUGH  THB  UPPER  HALF 
OF  THE  DECALCIFIED  HUMERUS 
OF  A  FCETAL  SHEEP,  AS  SEEN 
UNDER  A  MAGNIFYING  POWER 
OF  ABOUT  30  DIAMETERS. 


c,  the  part  of  the  shaft  which  was 
pi-imarily  ossified  in  cartilage ; 
what  remains  of  the  primary  bone 
is  represented  dark,  enveloped  by 
tlie  clear  secondary  deposit.  The 
areolse  of  the  bone  are  occupied  by 
embryonic  marrow  with  osteo- 
blasts, and  blood-vessels  variously 
cut.  One  long  straight  vessel  (6u) 
passes  in  advance  of  the  line 
of  ossification  far  into  the  cartil- 
aginous head,  most  of  the  others 
loop  round  close  to  the  cartilage. 
At  one  or  two  places  in  the 
older  parts  of  the  bone  elongated 
groups  of  cartilage-cells  (cc)  may 
still  be  seen,  which  have  hitherto 
escaped  absorption,  to,  the  part 
of  the  bone  that  has  been  ossified 
in  membrane,  that  is  to  say,  in 
the  osteoblastic  tissue  under  the 
periosteum.  It  is  well  marked 
off  from  the  central  portion,  and 
is  bounded,  peripherally,  by  a 
jagged  edge,  the  projections  of 
which  are  indistinctly  seen  to  be 
prolonged  by  bunches  of  osteo- 
genic fibres.  A  row  of  osteoblasts 
covers  the  superficial  layer  of  the 
bone.  The  subperiosteal  layer  is 
prolonged  above  into  the  thicken- 
ing {p)  which  encroaches  upon 
the  cartilage  of  the  head  of  the 
bone,  and  in  which  are  seen 
amongst  numerous  osteoblasts  and 
a  few  blood-vessels,  the  straight 
longitudinal  osteogenic  fibres  {of), 
and  some  other  fibres  {pf)  crossing 
them,  and  perhaps  representing 
fibres  of  Sharpey.  The  calcareous 
salts  having  been  removed  by  an 
acid,  the  granular  nature  of  the 
ossific  deposit  between  the  rows  of 
cartilage-cells  is  not  seen  in  this 
specimen ;  it  would  have  extended 
as  far  as  a  line  joining  the  marks 
X  X.  Observe  the  general  ten- 
dency of  the  osseous  trabeculse 
and  the  vascular  channels  between 
them  to  radiate  from  the  original 
centre  of  ossification.  This  is 
found  to  prevail  more  or  less  in 
all  bones  when  they  are  first 
formed,  although  the  direction  of 
the  trabeculse  may  afterwards  be- 
come modified  in  relation  with 
varying  physiological  conditions, 
and  especially  as  the  result  of 
pressure  in  different  directions. 


These  are  not  joined  to  the  shaft  until  the  growth  of  the  bone  is 
completed.    Growth  takes  place  in  length  by  an  expansion  of  the 
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cartilage  which  intervenes  between  the  shaft  and  the  epiphyses  {inter- 
mediate cartilage),  and  by  the  gradual 
extension  of  the  ossification  into  it ; 
in  width  entirely  by  the  deposition 
of  fresh  bony  layers  under  the 
periosteum.  In  the  terminal  pha- 
langes of  the  digits  the  ossification 
starts,  not  from  the  middle  of  the 
cartilage,  but  from  its  distal  ex- 
tremity (Dixey). 

For  the  regeneration  of  portions 
of  bone  which  have  been  removed 
by  disease  or  operation  it  is  im- 
portant that  the  periosteum  be  left, 
Fig.  145.— Bony  trabecolm  from  the  because  a  considerable  amount  of 

the  blood  supply  comes  through  the 
vessels  of  the  periosteum,  and  there 


DEVELOPING  LOWER  JAW  OF  A  CALF, 
SHOWING  OSTEOCLASTS  AT  THE  EX- 
TREMITIES WHERE  ABSORPTION  IS  PRO- 
CEEDING, AND  OSTEOBLASTS  COVERING 

THE  SIDES  WHERE  DEPOSITION  OF  BONE  arc  also  ostcoblasts  on  its  under 
IS  GOING  ON.    (Kolliker.)  p  -d  .  p  i.  ex. 

'  suriace.   iiut  fragments  oi  bone  may 

under  some  circumstances  undergo  regeneration  even  after  removal 


Fig.  146.— Transverse  section  of  a  developing 

BONE,  showing  THE  PERIOSTEAL  LAYER  BECOM- 
ING FORMED  FROM  OSTEOGENIC  FIBRES. 

ch,  cartilage  bone  ;  ph,  periosteal  bono  ;  sp,  bone  spicules 
prolonged  by  osteogenic  fibres ;  p,  periosteum  ;  hi, 
blood-vessels ;  c,  remains  of  the  calcified  cartilage ; 
0,  osteoblasts  forming  bone  upon  this. 


Fig.  147.— Section  of  the  ossi- 
fication GROOVE  IN  the 
head  op  a  long  BONE. 

c,  cartilage ;  p,  periosteal  tissue 
■with  osteogenic  fibres  and  osteo- 
blasts. This  tissue  occupies  the 
"groove." 
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of  the  periosteum,  by  the  agency  of  the  osteoblasts  and  vessels  in 
the  marrow. 

Intramembranous  ossification.— In  this  variety  of  ossification  (figs. 
149,  150),  the  bone  is  not  preceded  by  cartilage  at  all,  and  therefore  no 


Fig.  148. — Section  through  knee-joint  of  eight-day  rabbit  during 

THE  FORMATION  OP  EPIPHYSES.     (A.  Bidder.) 

CO,  canal  carrying  osteoblastic  tissue  from  the  diaphysis  of  tlie  femur  to  its  epiphysis; 
cv,  -vascular  canal  in  cartilage;  pb,  periosteal  boue ;  e,  epiphysis  in  end  of  femur; 
e',  epiphysis  in  head  of  tibia,  containing  an  island  of  unossified  cartilage  ;  p,  patella, 
st  cartilaginous. 

endochondral  bone  is  formed,  but  the  calcification  occurs  in  a  sort  of  em- 
bryonic connective  tissue  which  contains  numerous  osteoblasts  and  blood- 
vessels. The  fibres  of  this  tissue  (osteogenic  fibres),  which,  like  those 
of  fibrous  tissue,  are  collected  into  small  bundles,  become  enclosed  in  a 
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Fig.  149. — Part  op  the  growing  edge  of  the  developing  parietal  bone  of 

a  fcetal  cat,     inch  long. 

sp,  bone  spicules,  with  some  of  the  osteoblasts  embedded  in  them,  producing  the 
laounai ;  of,  osteogenic  fibres  prolonging  the  spicules,  with  osteoblasts  (ost)  between 
them  and  applied  to  them ;  a,  granular  calcific  deposit  occurring  in  the  ground- 
substauce  between  the  fibres  ;  c,  union  of  two  adjacent  spicules. 


Fig.  150.— Section  op  ossifying  maxillary  bonk  op  new-born  bat. 

(v.  KoriT.) 

o,  0,  osteoblasts  ;  6,  bony  substance  with  osteoblasts  and  fibres  ;  6',  growing  border  of  bene  ; 
c,  embryonic  connective  tissue,  showing  its  fibres  continuous  with  the  osteogenic 
fibres  of  the  gi-owing  border. 
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calcareous  matrix,  produced  by  the  deposition  of  lime  salts  in  the  ground- 
substance  of  the  connective  tissue ;  and  as  the  fibres  grow,  the  calcifica- 
tion extends  further  and  further,  so  that  bony  spicules  are  formed,  which, 
as  they  become  thickened,  run  together  to  form  reticular  layers,  leaving 
spaces  filled  with  osteoblasts  around  the  blood-vessels.  The  osteogenic 
fibres  are  covered  with  osteoblasts,  and  as  the  bone  forms,  some  of  these 
become  left  as  bone-corpuscles  within  lacunae.  Thus  in  every  particular 
the  development  of  these  bones  resembles  that  of  the  subperiosteal 
layer  of  endochondral  bone ;  which  is,  therefore,  also  to  be  considered 
as  an  instance  of  intramembranous  ossification,  although  taking  place  on 
the  surface  of  cartilage.  Moreover,  it  is  the  same  subperiosteal  tissue 
which,  in  endochondral  ossification,  deposits  the  true  or  secondary  bone 
upon  those  parts  of  the  calcified  cartilage-matrix  which  have  escaped 
absorption ;  and  this  must  also,  therefore,  be  reckoned  as  developed 
according  to  the  same  type.  In  fact,  even  in  intracartilaginous  ossi- 
fication, very  little  of  the  calcified  cartilage-matrix  eventually  remains  ; 
this  being  almost  wholly  absorbed  and  either  replaced  by  true  or  fibrous 
bone  which  has  been  formed  by  osteoblasts,  or  swept  away  to  form  the 
medullary  and  other  cavities. 

With  reference  to  the  origin  of  the  osteoblasts,  it  has  been  thought  by 
some  authors  that  they  are  derived  from  the  blood-vessels,  and  are  in  fact 
leucocytes  which  have  wandered  out  of  the  vessels  and  have  taken  on  the 
special  osteogenic  function.  Another  and  a  more  probable  view  regards 
them  as  modified  connective-tissue  cells  formed  within  the  periosteum  and 
merely  accompanying  the  vessels  into  the  interior  of  the  ossifying  cartilage. 
They  have  also  been  thought,  but  with  less  probability,  to  be  foi-med  by 
division  and  alteration  of  the  cartilage-cells. 
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LESSON  XIV. 

STRUCTURE  OF  STRIATED  MUSCLE. 

1.  Take  a  shred  of  muscle  from  a  recently  killed  mammal,  and  on  a  dry  slide 
carefully  separate  long  pieces  of  muscular  fibres  (single  fibres  if  possible)  and 
stretch  them  out,  keeping  them  moist  during  the  process  by  breathing  on 
the  slide.  Put  a  drop  of  serum  or  Ringer's  solution  on  the  cover-glass  before 
placing  this  over  the  preparation.  Study  first  with  a  low,  then  with  a  high 
power.  Sketch  all  the  ajspearauces  to  be  seen  in  a  small  piece  of  a  fibre, 
focussing  carefully  the  most  superficial  layei^s.  Notice  the  oval  nuclei  imme- 
diately under  the  sai^colemma.  Then  allow  a  little  dilute  acetic  acid  to  run 
under  the  cover-glass  and  watch  its  effect. 

2.  Prepare  some  fibres  of  frog's  muscle  in  the  same  way,  but  mount  in 
salt  solution  instead  of  serum.  Notice  the  muscular  substance  shrinking 
away  here  and  there  from  the  sarcolerama,  which  then  becomes  distinctly 
visible.  Sketch  a  piece  of  sarcolemma  bridging  across  an  interval  thus 
produced. 

3.  Study  transverse  sections  of  muscle  which  has  been  hardened  in  alcohol 
or  formol  and  stained.  Mount  in  dammar  varnish  or  xylol  balsam.  Examine 
the  section  of  a  fibre  first  with  a  low  and  then  with  a  high  power.  Sketch 
the  appearances  which  are  seen. 

In  each  of  the  above  preparations  measure  the  diameter  of  some  of  the 
fibres. 

Sections  of  muscle-spindles  may  be  searched  for  in  the  transverse  sections 
of  muscle. 

4.  Place  in  I  per  cent,  osmic  acid  a  small  shred  of  mammalian  muscular 
tissue  which  has  been  stretched  upon  a  cork.  After  24  hours,  when  it  will 
be  deeply  stained,  wash  it  in  water  and  with  needles  break  the  fibres  up  in 
glycerine  as  finely  as  possible.    Cover  and  examine  with  a  high  power. 

5.  Cut  ofi^  the  head  of  a  small  garden  beetle  or  wasp,  and  bisect  the  trunk 
with  scissors  so  as  to  expose  the  interior.  Notice  two  kinds  of  muscular 
tissue,  the  one  belonging  to  the  legs  greyish  in  colour,  the  other  attached  to 
the  wings  yellowish.  Preparations  of  both  kinds  of  muscle  are  to  be  made 
in  the  same  way  as  living  mammalian  muscle  (§  1),  but  it  is  better  to  mount 
them  in  a  drop  of  white  of  egg.  In  both  prepai'ations  the  dark-looking 
air-tubes  or  tracheae  form  prominent  objects  ramifying  amongst  the  fibres. 
Observe  the  structure  of  the  two  kinds  of  muscle  so  far  as  it  can  be  made 
out  in  the  fresh  preparation.  If  the  preparation  is  made  quickly,  waves  of 
contraction  will  probably  be  observed  joassing  along  the  fibres. 

6.  Make  another  preparation  of  the  leg-muscles,  mounting  the  muscle  in 
vinegar.  (Alcohol-hardened  muscle  of  insect  or  crab  may  be  used  for  this 
purpose.)  Notice  that  the  muscular  substance  swells  up  somewhat  and 
becomes  clearer,  whilst  the  sarcoplasm -network,  with  its  lines  and  dots, 
comes  more  distinctly  into  view.  In  a  well-teased  preparation  of  alcohol- 
hardened  muscle,  the  fibres  will  be  frequently  found  breaking  across  into 
disks.    Make  careful  drawings  from  this  preparation. 

7.  EoUett's  method.  Cut  off  the  head  of  an  insect  (wasp,  small  beecle), 
bisect  the  trunk  and  place  in  90  per  cent,  alcohol  for  from  24  to  48  hours 
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or  more.  Then  take  a  small  piece  of  each  kind  of  muscle  and  place  m 
stron-  glycerine  for  .some  hour.s.  Wash  thoroughly  with  water  and 
transfer  to  1  per  cent,  chloride  of  gold  solution  :  leave  the  pieces  of  muscle 
in  this  from  15  to  30  minutes  according  to  their  size.  From  the  gold 
solution  they  are  transferred  to  formic  acid  (1  part  of  the  strong  acid  to 
3  of  water),  and  kept  in  the  dark  for  24  hours,  but  they  may  be  kept  longer 
without  disadvantage.  The  muscle  is  then  teased  in  glycerine.  Some  of 
the  fibres  will  be  found  after  this  method  to  have  their  sarcoplasm  darkly 
stained,  and  to  show,  therefore,  the  appearance  of  a  network  both  in  longi- 
tudinal and  transverse  view  :  others,  on  the  other  hand,  have  the  sarcous 
elements  of  the  fibrils  or  sarcostyles  stained,  whilst  the  sarcoplasm  has 
remained  colourless. 

Voluntary  muscle  is  composed  of  long  cylindrical  fibres,  measuring 
on  an  average  about  0-05  mm.  in  diameter  (^iy  inch)  in  mammalian 


Fig.  151.  Fig.  152.  Fig.  153. 


Fig  151.— S.4KC0LEMMA  OF  MAMMALIAN  MUSCLE  HIGHLY  MAGNIFIED. 

The  fibre  is  represented  at  a  place  where  the  muscular  .substance  has  become  ruptured 
and  has  shrunk  away,  leaving  the  sarcolemma  (with  a  nucleus  adhering  to  it)  clear. 
The  fibre  has  been  treated  with  serum  acidulated  with  acetic  acid. 

Fig.  152.— Muscular  fibre  op  a  mammal  examined  fresh  in  serum,  highly 

magnified,  the  surface  of  the  fibre  being  accurately  focussed. 
The  nuclei  are  seen  on  the  flat  at  the  surface  of  the  fibre,  and  in  jjrofile  towards  the  edge. 

Fig.  153.— Portion  of  a  medium-sized  human  muscular  fibre,  showing  the 

INTERMEDIATE  LINE  (DOBIE's  LINE)  MENTIONED  IN  THE  TEXT.  (Sharpey.) 

muscles,  and  often  having  a  length  of  an  inch  or  more.  Each  fibre 
has  an  elastic  sheath,  the  sarcolemma,  which  encloses  the  contractile 
substance.  The  sarcolemma  is  seldom  visible,  unless  the  contained 
substance  becomes  broken  (fig.  151). 

I 
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Tlte  contractile  substance  of  the  fibre  is  characterised  by  the  alter- 
nate dark  and  light  stripes  which  run  across  the  length  of  the  fibre : 
hence  the  name  cross-striated  or  striped  muscle.  On  focussing,  it  can  be 
seen  that  the  stripes  pass  through  the  whole  thickness  of  the  fibre ; 
they  may  therefore  be  looked  upon  as  representing  alternate  disks  of 
dark  and  light  substance.  If  the  fibre  be  very  carefully  focussed,  rows 
of  apparent  granules  are  seen  lying  in  or  at  the  boundaries  of  the  light 
streaks,  and  very  fine  longitudinal  lines  may,  with  a  good  microscope, 
be  detected  uniting  the  apparent  granules.  These  fine  lines,  with  their 
enlargements,  the  granules,  are  more  conspicuous  in  the  muscles 
of  insects.     They  indicate  the  divisions  between  the  longitudinal 
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Fig.  154.  Fig.  155.  Fig.  156. 


Fig.  154. — Small  portion  of  a  human  muscular  fibhe  teased  into  small 
LONGITUDINAL  FRAGMENTS.    (Sharpey.)    Magnified  about  800  diameters, 
o,  b,  c,  larger  and  smaller  groups  of  fibrils  ;  d,  ultimate  fibrils. 

Fig.  155.— Small  portio.n  of  a  muscle  fibre  of  crab  splitting  up  into 
FIBRILS.    (From  a  photograph. )    Magnified  600  diameters. 

Fig.  156.— Section  of  a  muscular  fibre,  showing  areas  of  cohnheim. 
Three  nuclei  are  seen  Ij'ing  close  to  the  sarcolemma. 

elements  {fibrils  or  sarcosfyles)  which  compose  the  fibre,  and  in  pre- 
parations treated  with  dilute  acid  the  lines  appear  to  form  part  of 
a  fine  network,  which  pervades  the  muscle  substance,  and  serves  to 
unite  the  granules  both  transversely  and  longitudinally.  This  network, 
which  is  sometimes  very  distinct  in  preparations  of  muscle  treated 
with  chloride  of  gold,  is,  however,  a  network  in  appearance  only :  in 
reality  it  is  the  optical  expression  of  the  interstitial  substance  which 
lies  between  the  fibrils.    This  substance  is  termed  sarcoplasm. 

On  examining  the  transverse  section  of  a  fibre  with  a  high  power, 
it  is  seen  to  be  subdivided  everywhere  into  small  angular  fields, 
Cohnheim' s  areas  (fig.  156),  which  are  themselves  again  divided  up  into 
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minute  dot-like  areas.  The  smallest  divisions  represent  sections  of  the 
fibrils  of  which  the  fibres  are  composed,  and  into  which  they  may  be 
split  after  death,  especially  after  being  hardened  in  certain  reagents, 
e.g.  chromic  acid  or  osmic  acid.  The  larger  areas  represent  groups  of 
fibrils.  These  areas  of  Cohnheim  are  usually  polyhedral,  but  they  may 
be  elongated,  and  disposed  either  radially,  or  concentrically  with  the 
circumference  of  the  section.  The  interstitial  substance  or  sarcoplasm 
lies  between  the  fibrils  and  can  be  made  visible  by  treatment  with  dilute 
acid  or  by  staining  with  chloride  of  gold  (figs.  158,  159,  and  160).  It 
is  sometimes  in  relatively  large  amount,  but  in  most  muscular  fibres  is 
reduced  to  a  very  fine  interstitium. 

An  ill-defined  clear  line  is  sometimes  seen  running  transversely 
across  the  fibre  in  the  middle  of  each  dark  band.  This  is  termed 
Hensen's  line.  \ 

If  instead  of  focussing  the  surface  of  the  fibre  it  be  observed  in  its 
depth,  an  appearance  different  from  that  shown  in  fig.  152  is  frequently 
visible,  namely,  a  fine  dotted  line  {Dobie's  line),  bisecting  each  clear 
stripe  (fig.  153)  ;  this  appearance  is  often  considered  to  represent  a 
membrane  (Krause's  membrane),  which  subdivides  the  fibrils  at  regular 
intervals  (see  p.  134).  But  the  membranes  of  the  individual  fibrils  or 
sarcostyles  are  rarely,  if  ever,  visible  in  an  intact  mammalian  fibre,  and 
it  is  certain  that  the  appearance  of  such  a  line  in  the  middle  of  the 
clear  stripe  of  an  intact  fibre  is  in  most  cases  due  to  interference, 
caused  by  the  light  being  transmitted  between  disks  of  different 
refr^ngibility. 

Haycraft  has  suggested  that  the  cross-striation  of  voluntary  muscle  is 
due  to  refractive  effects  produced  by  a  varicosity  of  the  component  fibrils, 
basing  his  view  upon  the  fact  that  in  impressions  of  the  fibres  made  in  soft 
collodion  all  the  ci'oss-striations  which  are  observed  in  the  fibre  itself  are 
reproduced.  There  is  no  doubt  that  a  well-marked  cross-striated  appearance 
can  be  produced  in  homogeneous  fibrils  by  regularly-occurring  varicosities, 
and  many  of  the  appearances  observed  in  muscle  may,  as  Haycraft  contends, 
be  referred  to  this  cause.  But  even  when  a  fibre  or  fibril  is  stretched  so 
that  it  exhibits  no  varicosities,  the  cross-striations  are  still  perfectly  distinct. 
Moreover,  in  view  of  the  entirely  different  manner  in  which  the  substance 
of  the  dark  and  clear  stripes  behave  to  many  staining  reagents,  and  especially 
to  chloride  of  gold  when  applied  as  directed  in  §  7,  the  fact  being  that  very 
definite  structural  appearances  can  under  these  circumstances  be  made  out, 
the  homogeneity  of  the  muscle-fibril  cannot  be  admitted.  This  inference  is 
strongly  confirmed  by  the  microchemical  work  of  A.  B.  Macallura,  who  has 
shown  that  the  pota.ssium  salts  of  the  wing  muscle-fibrils  are  accumulated  in 
a  portion  only  of  the  fibril  (fig.  165). 

Nuclei. — Besides  the  sarcolemma  and  striated  substance,  a  muscular 
fibre  also  exhibits  a  number  of  oval  nuclei  which  have  the  usual 
structure  of  cell-nuclei :  their  chromatin  often  has  a  spiral  arrangement. 
Sometimes  there  is  a  little  granular  substance  (protoplasm)  at  each 
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pole  of  the  nucleus ;  each  nucleus  with  the  adjacent  protoplasm  has 
then  been  spoken  of  as  a  micsde-corpusde.    But  the  protoplasm  which 
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Fig.  157-— Llvinu  of  water-beetle 

(dytiscus  MAEGIN.4LIS.)    Highly  magnified. 

a,  dim  stripe ;  b,  bright  stripe ;  c,  fine  lines  with  dot- 
like enlargements  upon  them  which  represent  the 
interfibrillar  sarcoplasm. 


Fig.  158,— Portion  of  leg-mdscle 
OP  insect  theatkd  with  dilute 

ACIV. 

S,  sarcolemma ;  D,  dot-like  enlargement 
of  sarcoplasm  ;  A",  Krause's  membrane. 
The  sarcous  elements  are  dissolved  or 
at  least  rendered  invisible  by  the  acid. 


Fig.  159. 
Fig  159.- 


B 


Fig.  IGO. 


-Transverse  section  op  leg-muscle  fibre  op  an  insect, 
stained  with  gold  chloride. 

The  sarcoplasm  is  here  stained,  and  appears  in  the  form  of  a  netwoi-k,  in  the  meshes  of 
which  lie  the  sections  of  the  fibrils.  Notice  the  mottled  appearance  of  the  sections 
of  the  sarcostyles  or  fibrils,  indicating  a  porous  structure,  as  in  the  wing  fibrils 
(see  fig.  163).  The  central  protoplasm  (with  a  nucleus)  is  also  evident.  (From  a 
photograph.) 

Fig  160. — Leg-muscle  fibre  op  insect  treated  with  dilute  acid,  showing 
A  tendency  to  break  across  into  disks. 

The  sarcoplasm  is  in  the  form  of  fine  lines.  Tlie  ordinary  daik  stripes  of  the  fibre  have 
disappeared  in  the  acid.  A,  a  disk  seen  partlj'  in  section  and  exhibiting  the  reticular 
ai-rangemcnt  of  the  sarcoplasm  ;  B,  longitudinal  view  of  fibre. 

is  adjacent  to  the  nuclei  is  in  all  probability  continuous  with  the 
sarcoplasm  between  the  fibrils ;  both  being  the  remains  of  the  original 
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undifferentiated  protoplasm  of  the  cells  from  which  the  muscular  fibres 
are  developed.  In  mammalian  muscle  the  nuclei  usually  lie  imme- 
diately under  the  sarcolemma  (figs.  151,  152,  156),  in  frog's  muscle 
they  are  scattered  throughout  the  substance  of  the  fibre.  Some 
animals,  such  as  the  rabbit,  have,  besides  muscles  of  the  ordinary 
type  of  structure,  which  in  this  animal  are  pale  in  colour,  others  of 
a  deep  red  colour.  These  red  muscles  were  found  by  Ranvier  to  exhibit 
certain  differences  both  in  structure  and  function.  One  difference  of 
structure  is  that  the  nuclei,  which  are  numerous,  are  not  confined  to 
the  surface,  but  are  scattered  throughout  the  substance  of  the  fibres. 
The  fibres  in  question  also  contain  more  sarcoplasm  than  the  ordinary 
fibres,  and  their  blood-vessels  have  a  peculiarity  of  structure  which  will 
be  afterwards  noticed.  Here  and  there,  in  all  mammals,  amongst  the 
ordinary  fibres  are  some  in  which  the  nuclei  are  distributed  through 
the  thickness  of  the  fibres ;  this  is  the  case  also,  as  just  remarked,  with 
all  the  muscular  fibres  of  the  frog.  In  muscles  which  are  in  constant 
activity,  such  as  the  diaphragm  and  the  dorsal  fin  muscles  of  Hippo- 
campus, the  protoplasm  (sarcoplasm)  of  the  fibres  is  present  in  relatively 
large  proportion,  and  this  is  also  the  case  with  the  wing  muscles  of  insects. 

The  transverse  section  of  a  muscle  shows  the  fibres  to  be  nearly 
cylindrical  in  figure.  Between  the  fibres  there  is  a  certain  amount  of 
areolar  tissue,  which  serves  to  support  the  blood-vessels  and  also 
unites  the  fibres  into  fasciculi ;  the  fasciculi  are  again  united  together  by 
a  larger  amount  of  this  intramuscular  connective  tissue  (endomysiv/rn). 

Ordinary  or  leg-muscles  of  insects. — In  the  muscles  of  insects  the 
stripes  are  relatively  broad,  and  their  structure  can  be  more  readily  seen 
than  in  mammals.    In  the  living  fibres  from  the  muscles  which  move  the 
legs,  the  sarcoplasm  presents  a  striking  .....,.,.,,,,,^1^ 
appearance  of  fine  longitudinal  lines  tra-       '     '1     i  !  fF^ 
versing  the  muscle,  and  enlarging  within 

the  light  stripes  into  rows  of  dots  (figs.  ■-t-*'r^-*-*v„4iijt.ii*>jii>ii*i- — K 
157,  161).     This  is  still  better  seen  in       ftp'  '''''''■'tul^ 
fibres  and  portions  of  fibres  which  have       lliu  ,  [-'^—S.K 
been  treated  with  dilute  acid  (figs.  158, 
160).    In  separated  disks  produced  by 
the  breaking  across  of  muscle-fibres,  the 

surfaces  of  the  disks  show  a  network  UiUtUUiiiiiiii^[i'|f|tl 
with  polyhedral  meshes  in  some  insects  ^la.  161.-Leg-muscle  fibre  op 
(fig.  160,  A),  one  formed  of  lines  radiating     insect,   stained  with  gold 

f  ,-1  r    1      ni        •         1  CHLORIDE  BY  EOLLETT'S  METHOD. 

irom  the  centre  of  the  fibre  in  others.   The  a-,  une  formed  by  membranes  of 

nuclei,  with  some  inclosing  protoplasm,  lie     by""  8a?4us  *eiomont".^''Th^ 

in  the  middle  of  the  fibre  (fig.  159).  fndZl'nLT  '^'^p™"*^  ^""^i- 
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Wing-muscles  of  insects.— The  wing-muscles  of  insects  are  easily 
broken  up  into  fibrils  (sarcostyles),  which  also  show  alternate  dark  and 
light  striae  (fig.  162). 

The  sarcostyles  are  subdivided  at  regular  intervals  by  thin  trans- 
verse disks  {meriibmnes  of  Krause)  into  successive  portions,  which  are 
termed  sarcomeres.  Each  sarcomere  is  occupied  by  a  portion  of  the 
dark  stria  of  the  whole  fibre  (sarcous  element) :  the  sarcous  element  is 
really  double,  and  in  the  stretched  fibril  separates  into  two  at  the  line 


Fig.  162. — Fibrils  of  the  wing-muscles  of  a  wasp,  prepared  bv  rollett's 

METHOD.    Highl.y  magnifieil. 
A,  a  contracted  fibril.    B,  a  stretched  fibril,  with  its  sarcous  elements  separated  at  the 
line  of  Hensen.     C,  an  uncontracted  fibril,  showing  the  porous  structure  of  the 
sai-cous  elements. 

of  Hensen  (fig.  162,  b).  At  either  end  of  the  sarcous  element  is  a 
clear  substance  (probably  fluid  or  semi-fluid)  separating  it  from  the 
membrane  of  Krause :  this  clear  substance  is  more  evident  the  more 
the  fibril  is  extended,  but  diminishes,  even  to  complete  disappearance, 
in  the  conti-acted  muscle  (fig.  162,  a).  The  cause  of  this  change  is 
explained  when  we  study  more  minutely  the  structure  of  the  sarcous 
element.  For  we  find  that  each  sarcous  element  is  pervaded  with 
longitudinal  canals  or  pores,  which  are  open  in  the  direction  of  Krause's 
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membranes,  but  closed  at  the  middle  of  the  sarcous  element  (figs.  163, 
164).  In  the  contracted  muscle,  the  clear  part  of  the  muscle-substance  has 
nearly  disappeared  from  view,  but  the  sarcous  element  is  swollen  and  the 
sarcomere  is  thus  shortened  :  in  the  uncontracted  muscle,  on  the  other 
hand,  the  clear  part  occupies  a  consider- 
able interval  between  the  sarcous  element 
and  the  membrane  of  Krause,  the  sarcomere 
being  lengthened  and  narrowed.  This  dif- 
ference is  well  seen  with  certain  methods 
of  staining.  The  sai'cous  element  does  not 
lie  free  in  the  middle  of  the  sarcomere, 
but  is  attached  at  either  end  to  Krause's 
membrane  by  very  fine  lines,  which  may 
represent  fine  septa,  running  through  the 
clear  substance  (fig.  164);  on  the  other 
hand,  Krause's  membrane  appears  to  be 
attached  laterally  to  a  fine  membrane 
which  limits  the  fibril  externally. 

The  planes  of  sarcous  elements  set  side 
by  side  in  a  muscle-fibre  form  the  dark 
stripe  (the  so-called  principal  disk)  of  the 
muscle-substance  of  ordinary  muscle-fibres 
(fig.  161).  In  the  wing-muscles  of  insects 
the  fibrils  are  surrounded  by  granular 
sarcoplasm,  and  the  whole  fibre  is  therefore  very  indistinctly  cross- 
striated,  although  each  individual  fibril  is  markedly  so  (fig.  162).  As 
already  stated,  the  sarcous  elements  are  remarkable  for  containing  a 
large  proportion  of  potassium  salts  (fig.  165). 


Fig.  163. — Isolated  sarcous 
elements  of  a  wing-muscle, 
showing   the   tubular  or 

.  POROUS  STRUCTURE.  Untouched 
photograph.  Magnified  870 
diameters. 

At  a  some  are  soeu  in  i:)rofile ;  at  h 
on  the  flat.  The  two  circular  bodies 
are  fat-drops. 


Fig.  16i. — Di.agra.m  ok  a  sarcomeke  in  a 

MODER-ATELY  EXTENDED   CONDITION,  A, 
AND  IN  A  CONTRACTED  CONDITION,  B. 
K,  K  membranes  of  Krause  ;  H,  lino  or  plane  of 
Hen.sen  ;  S.E.,  poriferous  sarcou.s  element. 


Fig.    KJo. — Localisation  op 

POTASSIUM  in  SARCOUS  ELE- 
MENTS    OP     WING-JIUSCLE  OF 

BEETLE.    (A.  B.  Macallum.) 
a,  resting ;  b,  coiitractotl. 


feometirries  in  tlie  ordinary  (leg)  mu.scles  of  arthropods  what  look  like 
aetacnea  aot-like  portions  of  the  sarcous  element  are  seen  within  the  clear 
stripes,  lying  usually  near  Krause's  membrane.    The  rows  of  such  dots  have 
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been  termed  accesaori/  (h'sLs.  Most  muscles  sliow  no  accessory  disks,  but  the 
sarcoplasmic  enlargements  Ijetween  the  fibrils  (tig.  158,  d)  are  often  mistaken 
for  them. 

Muscle  in  polarised  light. — When  muscle  fibres  are  examined  with 
polarised  light  between  crossed  nicols,  the  sarcous  elements  (which  form 
the  dark  stripe)  are  seen  to  be  doubly  refracting  (anisotropous),  wliile  the 
clear  substance  (forming  the  light  stripe)  is  singly  refracting  (isotropous). 
Jn  contracted  parts  of  the  muscle  the  (anisotropous)  sarcous  elements  are 
seen  to  have  increased  in  bulk,  while  the  isotropous  substance  of  the  clear 
stripe  lias  correspondingly  diminished  in  amount  (fig.  166,  b). 

Merkel  described  a  reversal  of  the  stripes  during  contraction,  i.e.  a 
transference  of  the  anisotropous  substance  of  the  dark  stripe  from  Hensen's 


Fig  166.  — Lbg-muscle  fibre  or  chkysomela  cosrulea  with  (fixed) 

TRACTION  WAVE  PHOTOGRAPHED  UNDER  POLARISING  MICROSCOPE.! 
A,  with  uucrossed  aicols  ;  B,  with  crossed  nicols. 


CON- 


line  to  Krause's  membrane,  the  place  of  the  dark  stripes  thus  becoming 
occupied  by  clear  material,  that  of  the  light  stripes  by  dark.  He  further 
described  this  condition  as  being  preceded  by  an  intermediate  stage  in  which 
the  fibril  stows  homogeneity  of  shading.  No  doubt  m  the  ordinary  muscle- 
fibres  of  arthropods,  when  we  observe  the  so-called  'fixed'  Avaves  of  con- 
traction, there  is  an  apparent  blurring  of  the  cross-striaMon  of  the  fibre  just 
where  the  muscle  is  passing  from  extension  to  contraction,  but  this  appear- 
ance is  explicable  by  the  unequal  pull  of  the  contracted  parts  of  the  fibrils 
upon  those  which  are  not  yet  contracted.  The  contraction  in  each  fibre 
starts  from  the  nerve-ending,  which  is  at  one  side  of  the  fibre,  and  spreads 

1 1  am  indebted  to  the  late  Professor  Engelmann  for  these  two  photographs. 
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,>—:--   


first  across  the  fibre  and  then  tends  to  pass  as  a  wave  towards  either  end. 
But  the  one  side  always  has  a  start  in  the  progress  of  this  wave,  and  the 
fibrils  must  thus  receive  an  unequal  pull,  so  that  they  are  shifted  along  one 
another  and  the  line  of  cross-striping  is  broken  up.  That  no  transference  of 
anisotropous  substance  really  occurs  is  at  once  clear  from  the  appearance 
of  the  conti'acting  fibre  under  polarised  light  (fig.  166,  b),  and  the  study  of 
the  isolated  fibrils  of  wing-niuscle  gives  no  sup- 
port to  the  theory  of  reversal,  although  it  is- 
widely  held  by  German  authors.  That  the 
apparent  reversal  is  not  I'eal  is  also  illustrated 
by  fig.  167,  which  represents  a  leg  muscle  fibre 
of  an  insect  in  process  of  contraction.  The 
dark  bands  of  the  contraction-wave  are  seen  to 
be  really  due  to  accumulations  of  sarcoplasm. 
These  accumulations  appear  as  dark  lines  which 
obscure  the  continuity  of  the  fibrils,  and  by 
contrast  cause  the  whole  of  the  sarcomeres 
between  them  to  appear  light. 

Mechanism  of  contraction. — Comparing  the 
structure  of  the  sarcomere  with  that  of  proto- 
plasm we  find  in  both  a  framework  (spongio- 
plasm,  substance  of  sarcous  element)  which 
incloses  in  its  meshes  or  pores  a  clear,  probably 
fluid  substance  (hyaloplasm,  clear  substance  of 
sarcomere),  (although  the  difi"erentiation  into 
spongioplasm  and  hyaloplasm  is  not  evident  in 
all  protoplasm).  In  both  also  the  clear  sub- 
stance  or  hyaloplasm,   when    the   tissue   is  '     \  / 

subjected  to  stimulation,  passes  into  the  pores  "  * 

of  the  porous  substance  or  spongioplasm  (con- 
traction), whilst  in  the  absence  of  such  stimu-  """  ' 
lation  it  tends  to  pass  out  from  the  spongioplasm  -^^^^  1C7.— Wave  of  contrac- 

/r  I-  £  1         T  i-i-  r        TION   PASSING   OVER  A  LEG- 

(formation  of  pseudopodia,  resting  condition  of      ^^^^^^^  ^^^^^  dttiscus. 
muscle),    ihe  ettect  or  stimulation  appears  in      (Highly  magnified.) 
both  structures  to  be  the  production   of  a 

change  in  surface  tension  (perhaps  between  the  hyaloplasm  and  spongio- 
plasm) ;  this  change  being  demonstrably  accompanied  in  muscle  by  a 
difi'erence  in  electric  potential.  In  all  probability  such  an  electric  change 
occurs  in  all  protoplasm.  Thus  both  the  movements  of  cell-yjrotoplasm 
and  those  of  muscle  are  in  all  probability  brought  about  by  like  means, 
although  at  first  .sight  the  structure  of  muscle  is  dissimilar  from  that  of 
protoplasm.  We  have  already  noticed  that  the  movements  of  cilia  are  suscep- 
tible of  a  somewhat  similar  explanation. 

Macdonald  has  suggested  that  the  movements  of  fluid  from  one  part  of  the 
sarcomere  to  the  other  is  a  result  of  osmosis,  caused  by  the  sudden  setting 
free  of  electrolytes  (potassium  salts)  in  the  substance  of  the  sarcous  element 
just  previous  to  the  actual  contraction.^ 


1  See  his  article  on  this  .subject  in  tlie  Quart.  Journ.  Exper.  Phydol. ,  vol.  ii.  1909, 
p.  5.  MacDougall  had  previously  suggested  that  such  osmosis  might  occur 
between  the  interior  of  the  fibril  and  the  sarcoplasm  outside.  But  there  are  many 
reasons  against  this  hypothesis,  a  criticism  of  which  will  be  found  in  the  Quart. 
Jouni.  Exper.  Phi/sigL,  vol.  iii.  1910,  p.  63.  It  is  in  any  case  extremely  impro- 
bable that  such  rapid  changes  as  occur  in  the  contraction  of  muscle,  would  be  the 
result  of  osmotic  movements. 
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•  LESSON  XV. 

CONNECTION  OF  MUSCLE  WITH  TENDON;  BLOOD-VESSELS  OF 
MUSCLE;  CARDIAC  MUSCULAR  TISSUE;  DEVELOPMENT  OF 
MUSCLE;  PLAIN  MUSCULAR  TISSUE. 

1.  To  study  the  connection  of  muscle  -with  tendon,  a  frog  is  killed  by  destruc- 
tion of  the  brain  and  spinal  cord,  and  placed  in  about  a  litre  of  water  raised 
to  a  temperature  of  55°  C.  It  is  left  in  this  for  15  minutes,  the  water 
gradually  cooling.  It  is  then  easy  to  dissociate  the  mu.scular  fibres  in  large 
numbers.  To  observe  their  attachment  to  the  tendon-bundles  a  fine  longi- 
tudinal shred  must  be  snipped  off'  with  scissors  at  the  tendinous  attachment, 
and  dissociated  upon  a  slide  in  a  drop  of  water.  It  will  usually  be  found 
that  the  muscular  substance  is  retracted  from  the  end  of  the  sarcolemma 
tube,  which  is  firmly  cemented  to  the  tendon-bundle.  The  structure  may  be 
brought  more  distinctly  into  view  by  adding  to  the  dissociated  fibres  a  drop 
of  a  weak  solution  of  iodine  in  salt  solution  or  in  serum  (iodised  serum).' 

2.  The  blood-vessels  of  muscle.  These  are  studied  in  longitudinal  and 
transverse  sections  or  in  flattened-out  pieces  of  injected  muscle.  It  will  be 
noticed  that  the  capillaries  are  very  numerous,  and  form  a  network  with 
oblong  meshes.  In  the  red  muscles  of  the  rabbit,  small  dilatations  are  seen 
on  the  transverse  cords  of  the  network. 

3.  The  muscular  tissue  of  the  heart  is  studied  in  sections  of  that  oi'gan 
(see  Lesson  XXVII.)  and.  also  in  teased  preparations.  To  prepare  the  latter, 
place  a  small  piece  of  heart-muscle  in  33  per  cent,  alcohol  for  a  few  days  ; 
stain  in  picro-carmine  solution  for  some  hours  or  days  ;  and  tease  in  dilute 
glycerine. 

4.  Tear  off  a  small  shred  of  the  circular  muscular  coat  of  a  piece  of  dog's 
or  cat's  intestine  which  has  been  for  48  hours  or  more  in  ^  per  cent, 
biqhromate  of  potash  solution  or  in  33  per  cent,  alcohol.  Hold  the  shred  with 
forceps  in  a  drop  of  water  on  the  slide  and  fray  it  out  with  a  needle.  In  this 
process  many  cells  will  be  set  free  and  can  be  found  with  a  low  power.  The 
prepai'ation  may  then  be  covered  and  examined  with  a  high  poM'er.  Sketch 
one  of  the  cells.  Then  allow  very  dilute  hematoxylin  solution  to  pass  under 
the  cover-glass  and  lastly  a  drop  of  glycerine.  Sketch  another  cell  after 
staining.  Measure  two  or  three  cells  and  their  nuclei.  Sections  of 
involuntary  muscle  will  be  seen  and  can  be  studied  along  with  the  viscera 
which  possess  muscular  coats. 


Ending  of  muscle  in  tendon. — A  small  tendon-bundle  passes  to 
each  muscular  fibre  and  becomes  firmly  united  with  the  sarcolemma 
which  extends  over  the  end  of  the  fibre  (fig.  168).     Besides  this 

^This  method  is  the  one  given  by  Ranvier  (Traitd  Technique,  p.  395).  The 
muscle-endings  may  also  sometimes  be  well  seen  at  the  extremities  of  the 
tendons  which  are  removed  fconi  the  mouse's  tail  in  the  manner  described  in 
Lesson  X. 
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immediate  attachment,  a  further  connection  is  established  by  the 
fact  that  the  areolar  tissue  between  the  tendon-bundles  is  continuous 
with  that  which  lies  between  the  muscular  fibres. 

Blood-vessels  of  muscle. — The  capillaries  of  muscular  tissue  are 
very  numerous.  They  run,  for  the  most  part,  longitudinally,  with 
transverse  branches,  so  as  to  form  long  oblong  meshes  (fig.  169). 
No  blood-vessels  ever  penetrate  the  sarcolemma.    Tn  the  red  muscles 


m,  sarcolemma;  s,  the  same  membrane  FlG.  169. — CAPILLARY  VESSELS  OF 

passing  over  the  end  of  the  fibre  ;  p,  MUSCLE, 
extremity  of   muscular    substance,  c, 
retracted  from  the  lower  end  of  the 
sarcolemma-tube ;   t,   a  tendon-bundle 
passing  to  bo  fi.\ed  to  the  sarcolemma. 


of  the  rabbit,  the  transverse  capillaries  have  small  dilatations  upon 
them  (fig.  170).  Associated  with  this  and  other  peculiarities  of 
structure  (see  p.  133),  it  is  found  that  the  red  muscles  have  a  much 
slower  rate  of  contraction,  and  a  much  longer  period  of  latency  than 
the  ordinary  muscles. 

Lymph-vessels,  although  present  in  the  connective-tissue  sheath 
(perimysium)  of  a  muscle,  do  not  penetrate  between  the  component 
fibres. 
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The  motor  nerves  of  voluntary  muscles  pierce  the  sarcolemma 
and  terminate  in  ramified  expansions  known  as  end-pkUes  or  rnolw 
end-organs ;  the  sensory  nerves  end  in  groups  of  specially  modified  muscle 
fibres  known  as  muscle-spindles  (see  Lesson  XIX.). 

Development. — Voluntary  muscular  fibres  are  developed  from  em- 
bryonic cells  of  the  mesoderm  (muscle-plate),  which  become  elongated, 
and  the  nuclei  of  which  become  multiplied,  so  as  to  produce  long 
slender,  multi-nucleated  fusiform  or  cylindrical  embryonic  fibres.  It 
is  not  quite  clear  whether,  as  has  usually  been  supposed,  the  whole 
fibre  is  thus  formed  of  a  single  enlarged  cell,  or  whether  it  may  be 


Fig.  170. — Vascular  network  of  a  red  muscle  (semi-tendinosus)  of  the 

RABBIT.  (Ranvier.) 

(t,  arteriole  ;  v,  v,  venules  ;  n,  dilatation  on  transverse  branch  of  capillaries. 

produced  by  the  joining  together  end  to  end  of  a  number  of  cells  of  the 
muscle-plate  (or  even  of  more  than  one  muscle-plate),  so  as  to  produce 
a  syncytium,  within  which  the  striated  fibrils  make  their  appearance. 
These  appear  at  first  along  one  side  of  the  fibre,  the  change  gradually 
extending  around  the  circumference  and  also  penetrating  towards  the 
centre ;  but  the  protoplasm  at  the  middle  of  the  fibre,  to  which  the 
nuclei  are  presently  confined,  and  at  the  side  opposite  to  that  at  which 
the  differentiation  began,  remaiiis  for  some  time  unaltered  in  character 
(fig.  171).  Eventually  the  change  in  structure  extends  to  these  parts 
also,  and  the  nuclei  pass  gradually  to  occupy  their  ordinary  position 
under  the  sarcolemma,  which  has  by  this  time  become  formed.  The 
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sarcolemma  is  believed  to  be  produced,  not  by  the  muscle-fibre  itself, 
but  by  the  mesenchyme  or  connective-tissue  cells  between  the  fibres, 
since  it  is  directly  continuous  with  the  connective-tissue  bundles 
of  the  tendon  and  of  the  interstitial  tissue. 


Fig.  171.— Developing  iiusoulak  fibres. 

A,  elongated  cell  with  two  nuclei.    A  striation  is  beginning  in  the  protoplasm  along  one 

side  of  the  cell ;  from  foetal  sheep.    (Wilson  Fox.) 

B,  from  human  foetus  of  two  months,    (Ranvier.)    p,  central  protoplasm  with  several 

nuclei,  n,  scattered  in  it ;  s,  commencing  sarcolemma,  with  striated  muscular  sub- 
stance developing  immediately  beneath  it. 

C,  from  human  fcetus  of  three  months.    (Ranvier.)    The  contractile  substance,  s,  f,  now 

almost  incloses  the  unaltered  protoplasm,  g ;  only  one  nucleus,  n,  is  represented. 


CARDIAC  MUSCLE. 

The  muscular  substance  of  the  heart  is  composed  of  transversely 
striated  muscular  fibres,  which  differ  from  those  of  voluntary  muscle 
in  the  following  particulars,  viz. : — their  striations  are  less  distinct ; 
they  have  no  sarcolemma,  although  there  is  a  thin  superficial 
layer  of  non-fibrillated  substance ;  they  branch  and  unite  by  their 
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branches  and  also  at  the  side  with  neighbouring  fibres,  and  their 
nuclei  lie  in  the  substance  and  often  near  the  centre  of  the  fibres. 
In  man  and  many  mammals  the  fibres  are  marked  ofi"  into  a  series  of 
short  cylindrical  cells  (figs.  172,  173)  joined  together  end  to  end  and 
side  to  side,  each  corresponding  to  one  of  the  nuclei.  The  junctions  of 
these  cells  may  be  seen  in  longitudinal  sections  appropriately  stained  ; 
they  come  also  distinctly  into  view  in  sections  of  the  fresh  tissue 
stained  with  nitrate  of  silver.  They  appear  to  be  bridged  across  by  fine 
fibrils,  continued  into  the  cells  above  and  below  the  lines  of  junction 
(figs.  174,  175).    These  lines  have  usually  been  regarded  as  intercellular 


Fig.  172. — Muscular  fibkks  from  the 
heart,  magnified,  showing  their 
crossstrij?,  divisions,  and  junc- 
TIONS.   (Schweigger  Seiilel.) 

The  nuclei  and  ceU-junctions  are  only  repre- 
sented on  the  right-band  side  of  the  figure. 


Fig.  173.— Six  muscular  fibre-cells 

FROM   THE  HEART.     Magnified  425 

diameters, 
a,  line  of  junction  between  two  cells  ;  6,  c, 

branching  of  cells.   (From  a  drawing  by 

J.  E.  Neale.) 


spaces  separating  the  constituent  cells  of  the  tissue  from  one  another 
(Schweigger-Seidel).  Some  authorities  (Przewosky,  v.  Ebner,  M. 
Heidenhain)  are  inclined  to  regard  the  cardiac  muscular  tissue  as 
forming  a  syncytium,  the  cells  being  all  continuous  both  laterally  and 
longitudinally,  and  the  apparent  intercellular  lines  being  special 
differentiations.  These,  according  to  v.  Ebner,  are  due  to  localised 
contractions,  but,  according  to  Heidenhain,  represent  portions  of  the 
fibres  at  which  growth  in  length  occurs  (analogous  to  the  suture-lines 
between  the  fiat  bones  of  the  cranium).  As  against  this  view  of  the 
structure  of  the  heart-muscle,  and  in  favour  of  that  of  Schweigger- 
Seidel,  must  be  set  the  silver-staining  of  the  supposed  cell-junctions, 
and  the  fact  that  it  is  easily  possible  in  some  animals  to  separate  the 
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fibres  after  maceration  into  short  uninucleated  fragments  as  in  fig.  173. 
Schweigger-Seidel's  view  has  been  recently  upheld  by  the  observations 
of  V.  Palczewska  and  Werner,  who  have  studied  the  subject  in  the 
heart  of  man  and  of  various  mammals.  These  observers  point  out,  as 
had  been  previously  done  in  the  last  edition  of  this  work,  that  the 
short  non-nucleated  lengths  of  fibres  (fig.  174),  which  Heidenhain 
regards  as  fatal  to  the  cellular  theory,  may  be  parts  of  cells  lying 


Fig.  174.— Cardiac  muscle  fibkes,  showing  their  branching  and 
JUNCTIONS.  (Przewosky.) 

The  interoellulav  juiictious  are  very  well  marked.  In  some  of  the  fibres,  as  at  a,  two 
junctional  Imes  are  close  together  with  a  non-nucleated  portion,  d,  between  them  •  b, 
fibnls  passing  across  junction  ;  c,  a  nucleus. 

in  other  planes  of  the  myocardium,  which  are  inserted  between  those 
belonging  to  the  plane  included  in  the  longitudinal  section.  On 
the  other  hand,  the  continuity  of  the  muscular  fibrils  within  the 
masses  of  Purkinje's  fibres  under  the  endocardium  in  the  sheep,  the 
fibrils  around  one  cell  being  freely  continued  around  the  neighbouring 
cells  (see  fig.  361,  p.  288),  is  in  favour  of  the  syncytial  theory. 
Further,  in  many  vertebrates,  including  some  mammals,  no  cell- 
territories  can  be  made  out  in  the  myocardium. 

The  explanation  of  these  differences  appears  to  lie  in  the  fact  that 
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in  all  heart-muscle  at  a  certain  period  of  development  (fig.  176)  the 
cells  form  a  syncytium  within  which  the  contractile  fibrils  are 
developed,  and  only  in  mammals  is  a  differentiation  of  the  syncytium 
into  cells  produced  :  the  lines  of  junction  being  even  here  bridged 
across  by  the  muscle-fibrils. 


Fig.  17o.  — roKTioN  of  cardiac  muscle  Fig.  176.— Section  from  heart  of  five 

EXHIBITING     CONTINUITY     OP     FIBRILS  MONTHS'  EMBRYO,  HUMAN.     (G.  Mann.) 

ACROSS  JUNCTIONAL  LINE.    (Przewosky. ) 
Highly  magnified. 


Although  it  is  usually  stated  that  there  is  no  sarcolemma  in  cardiac  muscle 
fibres,  V.  Palczewska  and  Werner  describe  and  figure  a  membrane  covering 
the  cardiac  cells  which  they  regard  as  equivalent  to  the  sarcolemma  of 
voluntary  muscle. 

Non-striated,  Smooth  or  Plain  Muscle. 

Involuntary  or  plain  muscular  tissue  is  composed  of  long,  somewhat 
flattened,  fusiform  cells  (figs.  177,  178),  which  vary  much  in  length. 
Each  cell  has  an  oval  or  rod-shaped  nucleus,  which  shows  the  usual 
intranuclear  network  and  commonly  one  or  two  nucleoli.  There  is  a 
centriole — sometimes  double — close  to  the  nucleus  (fig.  179).  The  cell- 
substance  is  finely  fibrillated,  but  does  not  exhibit  cross-striae  like  those 
of  voluntary  muscle.  There  appears,  as  in  cardiac  muscle,  to  be  a 
delicate  non-striated  external  layer,  probably  a  stratum  of  undiff"eren- 
tiated  protoplasm,  but  not  a  true  sarcolemma.  Next  to  this,  in  some 
smooth  muscle,  is  a  layer  containing  coarser  fibrils  (boundary  fibrils 
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of  M.  Heidenhain)  (fig.  178).  Frequently  there  are  seen  on  involuntary 
fibres  a  series  of  somewhat  irregularly  placed  transverse  markings 
Avhich  appear  as  knot-like  condensations  of  the  cell-substance  (figs. 
178,  180)  staining  somewhat  differently  from  the  rest  of  the  cell. 
The  nature  of  these  is  not  well  understood,  but  they  are  perhaps 


Fig.  178. 


Fig.  179. 


Fig.  177. 


Fig.  177.— Mdscular  fibre-cell  kkom  the  jiuscdlar  coat  of 
the  small  intestine,  highly  magnified. 

A  complete  cell,  .'liowin^'  the  nucleus  with  intra-iiuclear  network,  and 
the  longitudinal  fibrillation  of  the  cell-substance. 

Fig.  178.— Portion  of  a  plain  muscle-cell,  showing  fibrils 
WITHIN  ITS  cytoplasm.    Magnified  450  diameters. 

Fig.  179.— Plain  muscle  fibre,  showing  nucleus,  centriole, 
AND  cytoplasm  WITH  FIBRILS.  (Lenhossek.) 


fixed  contraction  waves  (C.  M'Gill) ;  the  fibrils  arc  enlarged  as  they 
run  through  the  knots.  There  is  a  little  intercellular  substance 
which  can 'be  stained  by  nitrate  of  silver,  and  which  is  bridged  across 
by  filaments  pasising  from  cell  to  cell  (fig.  181).  Some  authorities, 
however,  deny  that  the  involuntary  cells  are  thus  connected,  and  hold 
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that  the  appearance  of  bridging  fibres  is  due  to  intercellular  connective 
tissue.  It  is  however  difficult  to  understand  how  the  contractions  are 
propagated  from  cell  to  cell  if  there  is  no  sort  of  continuity  between 
the  cells. 

Plain  muscular  tissue  is  found  chiefly  in  the  walls  of  hollow  viscera ; 
thus  it  forms  the  muscular  coat  of  the  stomach  and  intestines,  and 
occurs  abundantly  in  the  muscular  coat  of  the  gullet,  although  it  is 
here  intermixed  with  cross-striated  muscle;  it  is  found  also  in  the 


I 


Fig.  180.— Fibke-cell  from  intes- 
tine, SHOWING  KNOT-LIKE  CON- 
DENSATIONS   OF  CELL-SUBSTANCE. 

(Griitzner.) 


Fig.  181. — Muscle-cells  of  intes- 
tine. (Szymouowicz. )  Magnified 
530  diameters. 

The  fibres  are  represented  iu  longitudinal 
section ;  and  the  interstices  between 
them  are  seen  to  be  bridged  across  by 
fine  fibrils,    i,  interstice  ;  n,  nucleus. 


mucous  membrane  of  the  whole  alimentary  canal  from  the  oesophagus 
downwards  ;  in  the  trachea  and  its  ramifications  ;  in  the  urinary  bladder 
and  ureters ;  in  the  uterus  and  Fallopian  tubes ;  in  the  prostate ;  the 
spleen  and  lymphatic  glands ;  the  muscle  of  Miiller  in  the  orbit,  and 
in  the  ciliary  muscle  and  iris.  The  walls  of  gland-ducts  also  contain 
it ;  and  the  middle  coat  of  the  arteries,  veins  and  lymphatics  is 
largely  composed  of  this  tissue.  It  occurs  in  the  skin,  both  in  tlie 
secreting  part  of  the  sweat  glands,  and  in  small  bundles  attached 
to  the  hair-follicles ;  in  the  scrotum  it  is  found  abundantly  in  the 
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subcutaneous  tissue  (dartos),  and  it  also  occurs  in  the  areola  of  the 
nipple. 

Development. — According  to  the  observations  of  C.  M'Gill,  the 
smooth  muscle  of  the  alimentary  canal  (pig)  is  developed  from  the 
syncytium  of  mesenchyme  cells  which  surrounds  the  entoderm. 
Some  of  these  cells  become  elongated  and  spindle-shaped  while 
retaining  their  inter-connection.  Myofibrils  are  developed  in  their 
protoplasm.  These  are  not  confined  to  the  limits  of  a  single  cell,  but 
extend  over  two  or  even  a  large  number  of  cells.  The  myofibrils  are 
of  two  kinds,  coarse  and  fine,  varying  in  relative  number  in  different 
parts.  According  to  M'Gill,  the  inter-connection  of  the  cells  is  seen 
even  in  the  fully  formed  muscle,  which  retains  its  syncytial  character, 
its  cells  being  incompletely  separated. 

In  certain  situations  smooth  muscle  is  formed  from  epithelium,  as 
with  the  muscular  tissue  of  the  sweat  glands  (Eanvier)  and  that  of 
the  iris  (Nussbaum,  Szili). 
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LESSON  XVI. 
STRUCTURE  OF  NERVE-FIBRES. 

1.  Tease  a  piece  of  fresh  nerve  rapidly  in  salt  solution  (or  by  the  method  of 
semidesiccation,  keeping  the  preparation  moist- by  the  breath,  afterwards 
mounting  in  salt  solution).  Touch  the  fibres  as  little  and  obtain  them  as 
long  and  straight  as  possible.  Study  the  medullated  fibres,  carefully 
noticing  all  the  structures  that  are  visible — viz.,  nodes  of  Eanvier,  nucleus 
of  neurolemma,  double  contour  of  medullary  sheath,  medullary  segments, 
etc.  Measui^e  the  diameter  of  six  fibres.  Draw  a  short  length  of  a  fibre 
very  exactly. 

2.  Prepare  a  piece  of  sympathetic  nerve  in  the  same  way.  The  nerves 
passing  to  the  spleen  are  well  adapted  for  the  studj^  of  uon-meduUated 
fibres.  They  are  also  found  amongst  the  medullated  fibres  of  the  ordinary 
nerves.    The  nuclei  may  be  stained  by  gentian  violet. 

3.  Separate  (in  dilute  glycerine)  into  its  fibres  a  small  piece  of  nerve  (or 
nerve-root)  that  has  been  twenty-four  hours  in  1  per  cent,  osmic  acid.  The 
nerve  should  have  been  moderately  stretched  on  a  piece  of  cork  by  means  of 
glass  pins  before  being  placed  in  the  acid.  Keep  the  fibres  as  straight  as 
possible  and  only  touch  them  near  their  ends  with  the  needles.  Sketch  two 
portions  of  a  fibre  under  a  high  power,  one  showing  the  node  of  Eanvier  and 
the  other  a  nucleus  of  the  primitive  sheath.  Look  for  pale  fibres.  Measure 
the  length  of  a  nerve  segment  between  two  nodes  of  Eanvier. 

4.  Mount  in  xylol  balsam  or  dammar  sections  of  a  nerve  which  has  been 
hardened  in  picric  acid  and  alcohol,  or  fixed  with  osmic  acid  and  hardened 
in  alcohol.  The  sections  may  be  stained  with  picro-carmine  or  htematoxyliu. 
The  nerve  should  be  pinned  out  straight  upon  a  cork  with  glass  pins  before 
being  placed  in  the  hardening  solution.  Examine  the  sections  first  with  a 
low  and  afterwards  with  a  high  power.  Notice  the  lamellar  structure  of  the 
perineurium,  the  varying  size  of  the  nerve-fibres,  the  axis  cylinder  in  the 
centre  of  each  fibre,  etc.  Measure  the  diameter  of  six  fibres.  Sketch  a 
small  portion  of  the  section. 

5.  Study  sections  of  splenic  nerve  placed  as  soon  as  possible  after  death 
in  Flemming's  solution. 

6.  Teased  preparations  and  longitudinal  sections  from  nerves  which 
have  been  cut  nearer  the  spinal  cord.  The  nerves  should  be  prepared 
with  osmic  acid  as  in  §  3.  Notice  the  breaking  up  of  the  myelin  of  the 
medullary  sheath,  varying  in  degree  according  to  the  length  of  time 
the  section  has  been  made  previously.  In  prepai-ations  from  the  central  cut 
end  of  the  nerve  prepared  by  Cajal's  reduced  silver  method '  new  fibres  may 
be  seen  budding  from  the  extremities  of  the  fibres  of  the  stump. 


Nerve-fibres  are  of  two  kinds,  mediillated  and  non-medullated.  The 
cerebro-spinal  nerves  and  the  white  matter  of  the  nerve-centres  are 

^  See  Appendix. 
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composed  of  medullated  fibres ;  the  sympathetic  nerves  near  their 
peripheral  distribution  are  largely  made  up  of  non-meduUated  fibres. 


Fig.  182.— White  or  medullated 
nerve-fibkes,  showing  the  sinuous 
outline  and  double  contours., 
(Sharpey.) 


Fig.  183.— Portions  of  two  nerve- 
fibres  STAINED  WITH  OSMIC  ACID, 
FROM  A  YOUNG  ANIMAL.  Diagram- 
matic.   (J.  E.  Neale.) 

R,  li,  constrictions  of  Rauvier,  witli  axis- 
cylinder  passing  througli.  a,  neurolemma 
of  the  nerve  ;  c,  opposite  the  middle  of  the 
segment,  indicates  the  nucleus  and  iiroto- 
plasm  lying  between  the  neurolemma  and 
the  medullary  sheath.  In  A  the  nodes  are 
wider,  and  the  intersegmental  substance 
more  apparent  than  in  B. 


1 
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Fig.  183. 


The  medullated  or  white  fibres  are  characterised,  as  their  name 
implies,  by  the  presence  of  the  so-called  medullary  sheath  or  tohite 
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substance.  This  is  a  layer  of  soft  substance,  physically  of  a  fatty 
nature,  which  encircles  the  essential  part  of  a  nerve  fibre,  viz.,  the 
axis-cylinder.  Outside  the  medullary  sheath  is  a  delicate  but  tough 
homogeneous  membrane,  the  primitive  sheath  or  nucleated  sheath  of 


m 


Fig.  .185. — Medullated  nerve- 
pibre,  fresh,  showing  a  node 
OF  BANVIER.  Photograph.  Mag- 
nified 600  diameters. 

The  coagulation  of  the  substance  of  the 
medullary  sheath  is  advanced,  and  the 
axis-cylinder  is  slightly  shrunken  aw.ay 
from  it,  and  is  thus  rendered  distinctly 
visible. 


Fig.  184. — A  small  part  of  a  medul- 
LATED  FIBRE.  Photograph.  Mag- 
nified 600  diameters. 

The  fibre  looks  in  optical  section  like  a 
tube — honcothc  term  tubular  forniorly 
applied  to  these  fibres.  Three  partial 
breaches  of  continuity  (medullary 
clefts)  are  seen  in  the  medullary 
sheath,  which  at  these  places  exhibits 
a  tendency  to  si^lit  into  laminse.  Else- 
where the  medullary  sheath  shows 
coagulation-appearances.  At  n,  is  a 
nucleus  belonging  to  the  neurolemma, 
embedded  in  protoplasm,  but  the  out- 
line of  the  nucleus  itself  is  not  focussed. 

Schwann,  but  this  is  not  present  in  all  meduUated  fibres,  being  absent 
in  those  which  are  within  the  nerve-centres.  The  primitive  sheath  is 
known  as  the  neurolemma?- 

The  medullary  sheath  is  composed  of  a  highly  refracting  fatty  material 

^  Often  termed  "  neurilemma,"  a  name  formerly  applied  to  the  sheath  of  Henle 
(see  p.  156). 
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(myelin),\vhich  gives  a  characteristic  dark  contour  and  tubular  appearance 
to  the  nerve-fibres  (figs.  182,  184).    It  affords  a  continuous  investment 


Fig.  180. — Nerve-fibre  prepared  with  osmic  aoid.  Photograph. 

A  constriotiou  of  Kauvier  is  seen  on  the  right.    The  intervals  between  the  medullary 
segments  appear  as  clear  oblique  lines. 

to  the  axis-cylinder,  except  that,  as  was  shown  by  Eanvier,  in  the  peri- 
pheral nerve-fibres  it  is  interrupted  at  regular  intervals.   At  these  places 
the  neurolemma  appears  to  produce  a  constric- 
tion in  the  nerve-fibre,  and  the  interruptions  of 
the  medullary  sheath  are  accordingly  known  as 
the  constrictions  (Eanvier)  or  nodes  (figs.  183, 186), 
the  latter  term  being  applied  from  the  resemblance 
which  they  bear  to  the  nodes  of  a  bamboo.    It  is, 
however,  uncertain  whether  the  constriction  is 
entirely  occupied  by  the  neurolemma  itself  or 
partly  by  a  special  band  (constricting  band  of 
Eanvier)  of  a  material  which  resembles  inter- 
cellular substance  in  its  reaction  to  nitrate  of 
silver  (fig.  196).    The  length  of  nerve  between 
two  successive  nodes  is  termed  an  internode ;  in 
the  middle  of  each  internode  is  one  of  the  nuclei 
of  the  neurolemma.     Besides  these  interruptions 
the  medullary  sheath  shows  a  variable  number  of 
oblique  clefts  (Schmidt)  (figs.  184,  186),  sub- 
dividing it  into  irregular  portions,  which  have 
been  termed  medullary  segments;   but  there  is 
reason  to  believe  that  the  clefts  are  artificially 
produced.    At  the  clefts  there  is  an  appear- 
ance of  spiral  fibres  in  the  medullary  sheath, 
especially  after  treatment  of  the  nerve  with 
certain  reagents  (Golgi) ;  it  is,  however,  prob- 
able that  this  appearance  also   does  not  re-  Fig.  187.— Reticulum  of 
present  a  pre-existing  structure.    A  reticular    ru^uf  Th'ea™  "o" 
appearance  has  also  been  noticed  in  the  medullary  neuve-fibue. 
sheath  {neurokeratin  netwm'lc  of  Kiihne,  fig.  187),  ^  wo  diameters. ^^''"'^"^ 
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and  can  be  readily  seen  in  nerve-fibres  fixed  in  alcohol  and  treated 
with  ether,  but  it  varies  greatly  in  aspect,  and  is  perhaps  produced 
by  the  action  of  the  reagents  employed  to  show  it.    By  other  modes 


O 


Fig.  188.— Longitudinal  .-vni)  tkansveksk  section  of  medullated  nerve- 
fibre  OF  FROG  (osMic  ACID  AND  ACiu  fuchsine).    (After  Biedermaiin. ) 

The  longitudinal  section  shows  one  node  of  Raiivier  and  two  medullary  clefts.  The 
fibrillar  structure  of  the  axis-cylinder  is  shown  in  both  longitudinal  and  trans- 
verse section. 


of  fixation  {e.g.  picric  acid)  the  medullary  sheath  seems  to  have  a 
rod-like  structure  (fig.  189);  this  again  may  be  due  to  the  manner 
in  which  certain  of  its  constituents  are  coagulated  by  the  reagent. 
Osmic  acid  stains  the  medullary  sheath  black  (figs.  186,  188). 

The  axis-cylinder,  which  runs  along  the  middle  of  the  nerve-fibre,  is 
a  soft  transparent  thread  which  is  continuous  from  end  to  end  of  the 
nerve.  On  account  of  the  peculiar  refractive  nature  of  the  medullarj^ 
sheath  it  is  difficult  to  see  the  axis-cylinder  in  the  fresh  nerve  except  at 
the  nodes,  where  it  may  be  observed  stretching  across  the  interruptions 
in  the  medullary  sheath ;  it  may  also  sometimes  be  seen  projecting 

from  a  broken  end  of  a  nerve  fibre. 
It  is  longitudinally  striated,  being 
made  up  of  exceedingly  fine  fibrils 
{neuro-fihrils,  tig.  188).  They  are 
readily  seen  at  the  terminations  of 
nerves  as  in  the  cornea  and  are  also 
visible  in  the  section  of  a  nerve 
fibre  as  fine  dots  (fig.  188),  which 
sometimes  appear  to  have  a  clear 
centre  (fig.  189),  as  if  the  fibrils 
were  tubular.  Staining  with  nitrate 
of  silver  produces  a  curious  trans- 
versely striated  appearance  in  the 
axis-cylinder  (Frommann)  (fig.  196, 
c),  but  this  is  due  to  the  precipitation 
of  chlorides,  and  does  not  indicate  a 
pi-e  existing  structure  (Macallum). 
Medullated  nerve-fibres  vary  greatly  in  size  (fig.  190),  but  may  be 
classified  as  large,  intermediate,  and  small  The  largest  are  those  which 
are  passing  to  the  skin  and  to  the  voluntary  muscles;  the  smallest  are 


Fig.  189.— Sectios'  across  five  nerve- 
fibres.    Magnified  1000  diameters. 

The  nerve  was  hardened  in  picric  acid  and 
stained  with  jMcro-carraine.  The  radial 
striation  of  the  medullary  sheath  is  very 
apparent.  In  one  fibre  the  rays  are  broken 
by  shrinkage  of  the  axis-cylinder.  The 
fibrils  of  the  axis-cyliuder  appear  tubular. 
(From  a  photograph.) 


ERRATUM. 
153,  line  2,  automatic  should  be  autonomic. 


NERVE-FIBRES. 


153 


those  ^^ich  .are  distributed  to  the  viscera  and  blood-vessels  by  way  of 
the  aiitiamwMe  nerves.^  As  shown  by  Gaskell,  the  anterior  roots  of  the 
last  one  or  two  cervical  nerves,  of  all  the  thoracic,  of  the  first  and 
second  lumbar,  and  of  the  second  and  third  sacral  nerves  contain 


Fig.  190.— Section  of  the  sciatic  nerve  of  a  cat,  showing  the  variations 
IN  SIZE  OP  ITS  constituent  FIBRES.  Photogiaph.  Magnified  800 
diameters.    Tlie  nerve  was  fixed  with  osmic  acid. 

besides  the  ordinary  large  medullated  fibres  a  bundle  of  very  small 
imedullated  fibres  which  are  destined  for  the  viscera  and  blood-vessels, 
■  land  which  for  the  most  part  pass  to  the  sympathetic  system.   The  roots 
of  some  of  the  cranial  nerves  (the  spinal  accessory,  vagus,  glosso- 
pharyngeal, and  facial)  contain  similar  fine  medullated  fibres. 


Fig,  191.— NoN-MEnuLLATED  NEEVE-FiBREs.    Maguified  400  diameters. 


Non-medullated  fibres. -Intermingled  with  the  medullated  fibres 
tshere  may  always,  even  in  the  cerebro-spinal  nerves,  be  found  a  certain 

h7^^t^^fh\t^  introduced  by  Langloy  to  include  both  the  nerves  of 

rLZ  ^  f       Y"^'''"  ^""'l        ^'^'^  analogous  nerves  wliieh  proceed  from  the 
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number  of  pale  fibres  devoid  of  the  distinct  double  contour  which  is 
characteristic  of  the  presence  of  a  medullary  sheath.  These  are  the 
grey  or  non-meduUated  fibres,  also  called,  after  their  discoverer,  yi6?"es  of 

Remak  (fig.  191).  They  frequently  branch, 
which  the  meduUated  fibres  rarely  do  except 
near  their  termination,  and  they  are  beset  with 
numerous  nuclei  which  have  usually  been  re- 
garded as  belonging  to  a  delicate  sheath, 
although,  as  a  matter  of  fact,  both  in  longi- 
tudinal view  and  in  cross  section  the  nuclei 
appear  to  lie  in  the  substance  of  the  fibres. 
^^S;.v^^,!;"^,^f^T™r  The  sympathetic  nerves,  as  they  approach  their 

NON-MEDULLATBD  FIBRES  ...         .  J      1  I 

FROM  THE  SPLENIC  NERVE  peripheral  distribution,  are  largely  made  up  of 

OF  THE  ox.     (Tuckett.)        n-,  n  ,  i      .   .  u  T       •  CI 

fibres  01  this  nature,  but  the  pre-ganglionic  fibres 
of  the  sympathetic  possess  a  thin  medullary  sheath,  and  have  the  usual 
structure  of  medullated  fibres. 


Fig.  19.3.— Section  of  p.uit  of  sciatic  nerve  of  man.  (Photograph.) 
Magnified  60  diameters. 

Three  funiculi  are  shown.  The  fat-cells  in  the  epineuriuni  appear  as  clear  spaces.  Blood- 
vessels are  also  seen  in  the  epiueuriuiu. 


Structure  of  the  nerve-trunks.— In  their  course  through  the  body  the 
nerve-fibres  are  gathered  up  into  bundles  or  funiculi,  and  the  funiculi 
are  again  united  together  to  form  the  nerves  which  we  meet  with  in 
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dissection.  The  connective  tissue  which  unites  the  funiculi  and  invests 
the  whole  nerve,  connecting  it  to  neighbouring  parts  and  conveying  to 
it  blood-vessels,  lymphatics,  and  even  nerve-fibres  destined  for  its  coats, 


Fig.  194.— Section  of  part  of  a  funiculus  of  the  sciatic  nekvk  of  a  cat 
FIXED  with  plemming's  SOLUTION.    Magnified  400  diameters. 

ep,  epineurium  with  blood-vessels ;  e,  section  of  ah  ond-bulb ;  p,  ijeriueurium  ;  m,  modul- 
lated  fibre  cut  at  the  level  of  a  nucleus  ;  n,  n,  bundles  of  uon-meduUated  fibres. 


Fig.  195. — Section  of  the  thoracic  sympathetic  cord  of  the  cat. 
(Fischer.)    Osmic  preparation. 

The  nerve  is  composed  in  almost  equal  parts  of  fine  meduUatcd  fibres  (3,  4)  derived  from 
the  thoracic  anterior  roots,  and  grey  fibres  (5)  derived  from  the  sympathetic  ganglion- 
cells.    The  dark  bodies  in  the  epineurium  (1)  are  fat-cells  ;  2,  perineurium. 

is  termed  the  epineurium ;  it  frequently  contains  fat-cells.  That  which 
ensheathes  the  funiculi  is  known  as  the  perineurium  (figs.  193,  194). 
It  has  a  distinctly  lamellar  structure,  the  lamellae  being  composed  of 
connective  tissue  covered  by  flattened  epithelioid  cells  (fig.  196,  a). 
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Between  the  lamelltE  are  clefts  for  the  conveyance  of  lymph  to  the 
lymjihatics  of  the  epiiieurium.  The  delicate  connective  tissue  which 
lies  between  the  nerve-fibres  of  the  funiculus  is  the  endoneurimi.  '  It 
assists  in  supporting  the  longitudinally  arranged  meshwork  of  blood- 
capillaries,  and  its  interstices  communicate  with  the  lymph-clefts  of  the 
perineurium. 


Fig.  196. — Nehvks  stained  with  silver  nitrate.  (Ranvier.) 

In  A,  the  epitlielial-liko  liiyer  of  flattened  cells  belonging  to  the  sheath  of  Henle  is 
stained.  In  B,  the  cross-like  markings  at  the  nodes  are  exhibited.  In  C,  a  single 
fibre  is  shown  more  highly  magnified,  with  Frominaiin's  transverse  markings  of  the 
axis-cylinder,    a,  constricting  band  ;      medullary  sheath  ;  cy,  axis-cylinder. 


All  the  branches  of  a  nerve,  and  even  single  nerve  fibres  which 
are  passing  to  their  distribution,  are  invested  with  a  prolongation  of 
the  perineural  sheath,  which  is  then  known  as  the  sheath  of  Henle. 

The  nerve-trunks  themselves  receive  sensory  nerve-fibres  (nerii 
nervorum)  which  ramify  chiefly  in  the  epineurium  and  terminate  within 
this  in  end-bulbs  (Horsley)  (fig.  194,  e). 

The  degenerative  processes  which  occur  in  cut  nerve-fibres  as  well 
as  the  subsequent  reparative  processes  will  be  dealt  with  after  the 
structure  of  nerve-cells  has  been  studied  (see  p.  177). 
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LESSONS  XVII.  AND  XVIII. 
NERVE- CELLS. 

1.  Put  a  small  fragment  of  spinal  ganglion  into  1  per  cent,  osmic  acid 
for  a  few  hours.  Place  in  water  containing  a  fragment  of  thymol  for 
two  clays  or  more.  Tease  in  dilute  glycerine.  Notice  the  spheroidal 
o-anglion-cells  ;  their  large  nuclei  and  distinct  nucleoli.  Many  of  the  cells 
may  still  be  seen  within  their  nucleated  membranous  sheath.  Look  for 
cells  which  still  retain  the  axis-cylinder  process  and  for  T-shaped  junctions 
of  nerve-fibres  with  this.  Fat-cells  may  be  present  in  the  periganglionic 
connective  tissue.    These  will  appear  intensely  black  in  osmic  preparations. 

■2.  Prepare  in  the  same  way  a  spinal  ganglion  or  the  Gasserian  ganglion 
of  the  skate  or  cod.    Notice  tlie  bipolar  character  of  most  of  the  cells. 

3.  Prepare  a  piece  of  sympathetic  ganglion  as  in  §§  1  and  2.  If  from  a 
rabbit  observe  that  many  of  the  cells  are  bi-nucleated. 

Measure  two  or  three  cells  in  each  of  the  above  preparations. 

4.  Mount  stained  sections  of  ganglia,  both  spinal  and  sympathetic. 
These  will  serve  to  show  the  ari-augement  of  the  cells  and  fibres  in  the 
o-anglion  and  the  nucleated  sheaths  around  the  nerve  cells. 

The  ganglia  may  be  fixed  and  hardened  in  saturated  solution  of  corrosive 
sublimate  or  of  picric  acid  or  in  10  per  cent,  formol.  They  may  either  be 
stained  in  bulk  or  sections  cut  from  paraffin  and  stained  on  the  slide. 

5.  Ehrlich's  methylene  blue  method,  Golgi's  silver  chromate  method,  or 
Cajal's  silver  reduction  method,  especially  the  last  named,  are  all  useful  for 
showing  the  connections  of  ganglion-cells  with  nerve  fibres.  These  methods 
are  described  in  the  Appendix.  • 

6.  Place  a  portion  of  the  grey  matter  from  a  piece  of  spinal  cord  in  33  per 
cent,  alcohol.  After  macerating  for  a  few  days  in  this  fluid,  a  little  of  the 
grey  matter  may  be  shaken  up  in  a  test-tube  with  water  so  as  to  break  it 
up  into  fine  fragments.  Allow  these  to  subside,  decant  off  the  water  and 
substitute  a  dilute  solution  (1  to  500)  of  methj'lene  blue  or  a  solution  of 
picrocarmine.  When  it  appears  sufficiently  stained  some  of  the  debris  is 
pipetted  off  and  examined  under  a  low  power  of  the  microscope  ;  at  first 
Svithout  a  cover-glass  so  that  the  cells  may,  if  necessary,  be  separated  with 
needles  from  the  rest  of  the  tissue.  Mount  in  water  with  a  thick  hair 
under  the  cover-glass.  Notice  the  large  branching  cells,  some  with  a  mass 
of  pigment  near  the  nucleus.  Observe  the  fibrillation  of  the  cell-processes. 
Many  axis-cylinders  will  be  seen  in  this  preparation  deprived  wholly  or 
partially  of  their  medullary  sheath,  and  their  fibrillar  structure  can  then 
also  be  well  seen.  Carefully  sketch  these  appearances.  To  keep  the 
methylene-blue  preparation  the  stain  must  be  fixed  with  picrate  of  ammonia, 
after  which  a  mixture  of  glycerine  and  picrate  of  ammonia  may  be  used  for 
mounting.  If  picrocarmine  is  used  the  specimen  is  simply  preserved  in 
dilute  glycerine.  Similar  preparations  may  be  made  from  the  grey  matter 
of  the  cerebral  cortex  and  cerebellar  cortex. 

7.  Examine  sections  of  spinal  cord,  medulla  oblongata  and  brain  stained 
by  methylene  blue  (Nissl's  metlTbd),  to  exhibit  the  angular  particles 
within  the  nerve-cells. 
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8  Examine  sections  of  parts  of  brain,  spinal  cord  and  ganglia  prepared 
by  Cajal's  method,  to  exhibit  the  neuro-fibrils  in  the  cells  and  cell  processes. 

9.  Examine  the  nerve-cells  and  neuroglia-cells  in  sections  from  the  spinal 
cord,  cerebrum,  or  cerebellum  of  a  small  animal,  e.g.  young  rat  or  kitten 
prepared  by  Golgi's  method.    The  sections  nmst  be  mounted  in  thick  xylol 
balsam  or  dammar  varnish,  without  a  cover-glass,  and  dried  rapidly  on  a 
warm  plate.  ^  •' 

10.  Examine  sections  of  spinal  cord  (lumbar  enlargement)  and  correspond- 
ing spinal  ganglia  from  an  animal  in  which  the  sciatic  nerve  had  been  cut 
about  three  weeks  before  it  was  killed.  The  sections  are  to  be  stained  by 
Nissl  s  method.  Most  of  the  anterior  horn  nerve-cells  and  of  the  ganglion- 
cells  on  the  side  of  the  lesion  will  exhibit  chromatolysis  (or  breaking  down 
of  the  Nissl  granules)  which  is  characteristic  of  cells  the  axons  of°  which 
have  been  severed.  The  altered  cells  may  be  compared  with  the  normal 
cells  on  the  intact  side. 


Nerve-cells,  neurocytes  or  neurones. — Nerve-cells  occur  in  the  grey 
matter  of  the  nerve  centres,  and  in  little  groups  on  the  course  of 
certain  of  the  peripheral  nerves,  these  groups  often  causing  nodular 
enlargements  of  the  nerves,  which  are  known  as  ganglia.  The  most 
conspicuous  ganglia  are  those  which  are  found  upon  the  posterior 
roots  of  the  spinal  nerves,  upon  the  roots  of  some  of  the  cranial 
nerves,  and  upon  the  trunk  and  principal  branches  of  the  sympathetic 
nerve.  Minute  ganglia  are  also  found  very  numerously  in  connection 
with  the  nerves  which  are  supplied  to  glands  and  involuntary  muscular 
tissue,  as  in  the  salivary  glands,  heart,  alimentary  canal,  bladder, 
uterus,  etc. 

Nerve-cells  vary  much  in  size  and  shape ;  many  are  large,  some 
being  amongst  the  largest  cells  met  Avith  in  the  body,  but  others  are 
quite  small.  The  cell-body,  which  is  often  erroneously  spoken  of  as 
the  nerve-cell,  but  which  may  be  conveniently  termed  the  cyton  (Sanger 
Brown),  has  a  large  usually  spherical  nucleus  and  a  very  distinct 
nucleolus.  All  nerve-cells  possess  at  least  one  process,  the  axon, 
which  becomes  either  a  non-medullated  fibre  or  the  axis-cylinder  of  a 
medullated  fibre.  If  other  processes  are  present  they  are  always 
branched  almost  from  their  commencement  at  the  cell-body,  and  they 
are  therefore  termed  dendrons  or  dendrites.  The  cytoplasm  is  fibrillated, 
the  fibrils  passing  into  the  processes ;  they  are  known  as  neuro-fibrils, 
and  are  believed  to  be  the  actual  conductors  of  nerve-impulses.  The 
cytoplasm  also  contains  peculiar  angular  particles  (Nissl  granules) 
staining  deeply  with  methylene  blue,  but  the  size,  number,  and 
arrangement  of  these  in  different  cells  vary  greatly  (fig.  197).  The 
granules  also  vary  in  number  and  size  with  the  physiological  condition 
of  the  cells ;  thus  it  is  found  that  nei-ve-cells  which  have  been  fatigued 
by  prolonged  activity  (fig.  198),  wm  also  those  the  axis-cylinder 


Fig.  197.— Multipolar  ani5  unipolar  types  of  nerve-oell. 

Large  pyramidal  cell  of  cerebral  cortex,  human.  Niasl  method.  (Cajal.)  n,  axon  ; 
b,  cyton  ;  c,  apical  dondron  ;  ci,  placed  between  two  of  the  basal  dendrons  points 
to  the  nucleus  of  a  neuroglia  cel^jjiich  is  applied  to  the  cyton. 

Nissl  method.  (Cajal.)  a,  axon ; 
sule  ;  rf,  notwoi'k  within  nucleus  ; 


d^jliic 
li^l^f 


B,  Unipolar  cell  from  spinal  ganglidS^f  rabbit. 
6,  circumnuolear  zone,  poor  in  granules 
t,  nucleolus. 
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Fig.  198.— Two  motoe  nerve-cells  from  the  dog. 

a,  normal ;  b,  after  a  period  of  prolonged  activity.    (Photographed  from  preparations  by 

Dr.  Gustav  Mann.) 


Fig.  199. — Chromatolysis  of  two  nerve-cells  of  spinal  cord  of  rabbit, 
produced  by  severance  of  motor  nerve  15  days  previously.   (gajal. ) 

In  A  the  chroraatolysis  is  rather  less  advanced  than  in  B.  In  both  the  nucleus  is  dis- 
placed to  the  periphery,  a,  axon  L''^'',  chroniatolysed  cell-substa:ice.  A  completed 
condition  of  chromatolysis  is  soejiffiBg.  I9S  b. 
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process  of  which  has  been  cut  (fig.  199),  show  the  Nissl  granules 
becoming  disintegrated ;  they  may  even  disappear  for  a  time  from  the 
cell.  A  similar  result  is  found  to  occur  after  the  action  of  poisons 
which  especially  affect  the  nervous  system.  The  Nissl  granules  of  the 
nerve-cell  appear  to  consist  chemically  mainly  of  nucleoproteid ;  they 
contain  organically  combined  iron  (Macallum).  Many  nerve-cells 
have  also  a  clump  of  pigment-granules  (fig.  200),  containing  lecithin, 
at  one  side  of  the  nucleus.    This  is  especially  marked  in  certain 


Fig.  200.— a  neeve-cell  from  the  human  spinal  cord.     (From  Prenant, 

Bouin,  and  Maillard.) 

a,  axon  ;  d,  dendrons  ;  n,  nucleus  with  nucleolus ;  p,  pigment-granules. 

'  localities  (locus  cceruleus,  locus  niger),  and  is  more  frequent  in  man 
•than  in  the  lower  animals.  The  pigment  also  tends  to  increase  in 
J  amount  as  age  advances.    As  already  stated,  the  body  of  every  nerve- 

•  cell  is  traversed  by  fine  fibrils  {neuro-fihrils)  continuous  with  those  in 

•  the  axis-cylinder  of  the  issuing  nerve  and  with  similar  fibrils  in  their 
^dendrons.  They  were  noticed  by  Max  Schultze  in  vertebrates 
iand  were  later  described  by  Apathy  in  certain  annelids.  They 
•can  be  seen  without  difficulty  in  nearly  all  nerve-cells  (fig.  201) 
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by  the  employment  of  certain  special  methods.  The  neuro-fibrils 
are  said  to  present  variations  in  thickness  according  to  the  condition 
of  activity  of  the  animal  at  the  time  of  death. 

Most,  if  not  all,  nerve-cells  show  a  delicate  sujjerficial  reticulum  (fig. 
202),  described  by  Golgi,  which  is  generally  regarded  as  composed  of 


Fig.  201.— Nkuve-oells  of  kitten  (from  the  anterior  corpora  quadrigemina) 

SHOWING  NEURO-FIBRILS.  (Cajal.) 
o,  axon  ;  b,  c,  d,  various  parts  of  the  intracellular  plexus  of  fibrils. 

neuro-fibrils,  but,  according  to  J.  Turner,  may  be  an  investment 
derived  from  neuroglia-cells.  Golgi  has  also  described  another  net- 
work of  fibrils  with  somewhat  larger  meshes  (deej)  reticulum  of  Golgi) 
(fig.  203)  in  the  deeper  parts  of  the  cell.  According  to  some 
authorities  both  superficial  and  deep  networks  are  in  continuity 
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throughout  the  cell,  and  receive  and  are  prolonged  from  the  neuro- 
fibrils of  an  entering  axon  on  the  one  hand,  and  with  those  of  the 


Fig.  202.  —Superficial  network  of  golgi  surrounding  two  cells  from  the 

CEREBRAL  CORTEX  OP  THE  CAT  ;   EHRLICH'S  METHOD.     (Cajal. ) 

A,  large  cell ;  B,  small  cell,    a,  a,  folds  in  the  network  ;  6,  a  ring-like  condensation  of  the 
network  at  the  poles  of  the  larger  cell ;  c,  spinous  projections  from  the  sui-face. 


Fig.  203.  —  Nervk-cell  from  spinal     Fig.  204.— Trophospongium  within  a 

GANGLION,  SHOWING  NETWORK  AROUND  GANGLION-OELL.  (E.Holmgren.) 

THE  nucleus.  (Golgi.) 


axis-cylinder  process  of  the  nerve-cell,  and  also  of  the  dendrons,  on  the 
other  hand.    Other  authorities  regard  these  networks  as  distinct  from 
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the  neuro-fibrils,  which  they  suppose  to  run  independently  through 
the  nerve-cell  body,  entering  it  by  way  of  the  dendrons  and  emerging 
"''IJ-^',      in  the  axon. 

„v^-'  Entirely  distinct  from  the  fibrils  is  a  system 
of  fine  canaliculi,  which  has  been  described 
by  PI  Holmgren,  permeating  the  cytoplasm 
of  the  cell-body  in  some  nerve-cells  for  the 
purpose  of  subserving  its  nutrition  by  con- 
veying plasma  into  its  substance  (fig.  204). 
These  channels  are  stated  by  Holmgren  to  be 
occupied  by  branching  processes  of  neuroglia- 
cells  (troj)hospongiuni).  In  the  very  large 
nerve-cells  from  which  the  nerves  of  the 
electric  organs  of  Malapterurus  arise,  even 
blood-vessels  penetrate  into  the  cytoplasm. 

Processes  of  nerve-cells.  —  As  already  inti- 
mated the  processes  are  of  two  kinds.  The 
first  is,  that  kriown  as  the  axis-cylinder  process 
(Deiters)  or  nerve-fibre  process,  so  called  because 
it  becomes  the  axis-cylinder  of  a  nerve-fibre 
(fig.  205  a,  a!) ;  in  the  case  of  the  non- 
medullated  fibres,  it  becomes  the  nerve-fibre 
itself.    It  is  also  termed  the  axon. 

No  fully  developed  nerve-cell  is  without 
this  process.  The  place  where  it  arises  from 
the  body  of  the  nerve-cell  (cone  of  origin)  is 
marked  off  from  the  rest  of  the  cell-substance 
by  absence  of  Nissl  granules  (see  fig.  197)- 
The  other  processes  of  the  nerve-cell  are  those 
which  were  termed  by  Deiters  the  2^otoplasmic 
processes ;  they  are  now  usually  termed  the 
dendrons  or  dendrites  and  are  generally  multiple, 
whereas  the  axon  is  generally  single.  The 
dendrons  are  characterised  by  the  fact  that  as 
soon  as  they  leave  the  cell  they  begin  to 
branch  dendritically,  whereas  the  axis-cylinder 
process  does  not  branch  until  near  its  termina- 
tion, with  the  exception  of  a  few  fine  lateral 
offshoots,  which  are  sometimes  given  off  in  its 
course.  Dendrons  may  be  absent ;  the  cell  is 
then  adendric.  Most  nerve-cells  have  only 
one  nerve-fibre  process  (unipolar),  but  some 


Fig.  205.— Axis-otlindkr 
phocess  of  a  nerve- 
cell  frojt  the  spinal 
CORD.    (M-  Schultze.) 

X  X ,  portion  of  the  cell-body, 
out  of  which  the  fibrils  of 
the  axis-cylinder  process,  a, 
are  seen  to  emerge.  At  a', 
this  process  acquires  a 
medullary  sheath.  Highly 
magnified. 
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have  two  or  more  {bipolar,  multipolar).  The  dendrons  may  contain 
Nissl  granules,  but  the  axons  never. 

The  shape  of  the  cell  depends  largely  on  the  number  of  processes 
and  the  manner  in  which  they  come  off  from  the  cell.  If  there  is  but 
one  chief  process  the  cell  is  generally  nearly  spherical.  This  is  the 
case  with  most  of  the  cells  of  the  spinal  ganglia  (fig.  197,  B) ;  in  these 
the  single  process,  after  a  short  course,  divides  into  two  fibres,  which 
pass  the  one  centrally  the  other' peripherally  (fig.  216).  When  there 
are  two  main  processes  from  a  nerve-cell  they  often  go  off"  in  opposite 
directions  from  the  cell,  which  is  thus  rendered  somewhat  spindle- 
shaped  (fig.  206),  but  occasionally  they  emerge  at  the  same  part.  When 
there  are  three  or  more  processes,  the  cell  becomes  irregularly  angular, 


as  in  the  motor-cells  of  the  spinal  cord  and  the  pyramidal  cells  of  the 
cerebral  cortex  (figs.  200,  197,  A). 

In  some  cases  where  there  appear  to  be  two  fibres  connected  with  a 
cell,  one  of  them  is  derived  from  another  nerve-cell  elsewhere,  and 
is  passing  to  end  in  a  ramification  which  envelopes  the  cell-body.  In 
certain  situations  the  ramification  is  coarse  and  forms  a  calyx-like 
investment  to  the  cell-body  :  this  investment  may  be  so  intimately 
united  to  the  body  of  the  second  cell  that  it  appears  to  be  rooted 
into  the  external  layer  (fig.  207) ;  in  other  places  the  pericellular  fibrils 
are  very  fine  and  form  a  fine  arborisation  over  the  cell-body.  When 
the  fibrils  come  in  contact  with  the  surface  of  the  cell  they  sometimes 
end  in  small  button-like  enlargements  or  varicosities  (fig.  208). 

In  preparations  made  by  Golgi's  chromate  of  silver  method  the 
nerve-cells  and  their  processes  are  coloured  black  by  a  deposit  of 
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reduced  silver,  so  that  the  processes  can  be  traced  for  a  considerable 
distance  from  the  body  of  the  cell,  in  fact  in  many  instances  as  far  as 
their  remotest  ramifications.  It  has  been  found  by  the  employment 
of  this  method  that  the  axis-cylinder  process  is  not  always  an  un- 


FiG.  207. — Various  forms  of  pericellular  ending  of  entering  nkrvk  fibres 
IN  THE  TRAPEZOID  NUCLEUS  OP  THE  CAT.    (Edinger,  after  Veratti.) 


branched  process,  as  was  formerly  supposed,  but  that  it  usually,  if  not 
invariably,  gives  off  fine  lateral  branches  (collaterals),  which  themselves 
tend  to  ramify  in  the  adjacent  nerve-substance  (fig.  209,  c).  And 
although  the  main  part  of  .the  axon  process  usually  passes  on  and 
becomes  the  axis-cylinder  of  a  long  medullated  nerve-fibre  (long  axoned- 


PEOCESSES  OF  NERVE-CELLS. 


167 


cell,  fig.  209),  this  is  not  always  the  case,  for  in  another  type  of  nerve- 
cell  within  the  nerve-centres  (short  axoned-cell,  fig.  210),  the  axis- 
cylinder  process  breaks  up  almost  immediately  into  an  arborescence. 
The  long  process  of  the  first  type  (which  becomes  the  axis-cylinder  of 
a  long  nerve-fibre)  also  ultimately  ends  in  a  similar  manner,  that  is 
to  say,  in  a  terminal  ramification  or  arborescence,  as  will  be  seen  in 
studying  the  endings  of  nerve-fibres,  both  at  the  periphery  and 
within  the  central  nervous  system  itself. 


Fig.  208.— Pericellular  nkuro-fibrils  around  a  large  pyramidal  cell  of 
the  human  cortex  ceeebei.l 

Synapses. — Each  nerve-cell  is  generally  regarded  as  an  anatomically 
independent  element  {nerve-unit,  neurone),  and  the  connection  of  one 
nerve-cell  with  another  is  believed  to  be  efi"ected  through  the  medium 
of  the  terminal  arborisations  of  the  dendrons  or  axons.  Such  arborisa- 
tions from  different  cells  may  interlace  with  one  another  (as  in  the 
olfactory  glomeruli,  in  the  retina,  and  in  the  sympathetic  ganglia)  (fig. 
211),  or  a  terminal  arborisation  from  one  cell  may  embrace  the  body 
or  the  cell-processes  of  another  cell;  as  with  the  cells  of  the  spinal 
cord  (fig.  212)  and  the  cells  of  the  trapeizoid  nucleus  of  the  pons  Varolii 

^  I  am  indebted  to  Dr.  J.  Turner  for  the  drawing  here  reproduced. 
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Fig.  209. — A  pyramidal  cell  of  the  cortex  cerebri  of  the  rabbit.    (Cajal. ) 

a,  basal  dendrons  ;  p,  apical  dendron  ramifj-ing  near  surface  ;  c,  axon  ;  c,  its 
collaterals  ;  6,  fibres  of  white  matter  of  brain. 
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Fig.  210.— Cell  op  type  ii.  of  golgi,  with  short  axon  ramifying  in  the 

adjacent  grey  jiattek. 


Fig.  211. — Synaptic  connections  op  sympathetic  cells  prom  the 

SUPERIOR  cervical  GANGLION  OF  MAN.  (Cajal.) 

The  colls  (A,  B)  show  well-markud  intracapsular  dendrows.  C,  D,  synapses  between 
dcndrons  outside  the  cell-cajisulos  ;  IC,  a  fibre,  which  is  itself  surrounded  by  a  flue 
spirally  wound  fibril,  passing  to  a  cell  and  forming  a  synapse  with  the  cell-dendrons 
within  the  capsule,    a,  a,  axons  ;  b,  c,  d,  e,  ;",  extra-capsulav  dendrons. 
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(fig.  207)  and  in  many  other  places.  The  term  synapse  or  neuro-synapse 
is  applied  to  these  modes  of  junction.    By  them  nerve-cells  are  linked 

together  into  long  chains  of  neurones, 
the  physiological  path  being  uninter- 
rupted, although  the  anatomical  path 
is,  as  above  indicated,  believed  to  be 
interrupted  at  the  synapses. 

The  doctrine  of  the  anatomical  independ- 
ence of  the  nerve-cell  is  known  as  the 
"neurone-theory"  (Waldeyer).  It  is  sup- 
ported by  the  appearances  of  chromate  of 
silver  preparations  of  nerve-cells.  In  these 
the  reduction  of  the  silver  is  strictly  confined 
t  IX.       CfmAO  I     A  single  cells,  which  become  stained  with 

\  1 V,  their  processes  ;   and  these  processes, 

>M  /  when  demonstrated  by   this  method,  are 

never  found  in  continuity  either  with  the 
\Vv'\        li  processes  or  with  the  bodies  of  other  nerve- 

cells.    Moreover,  many  of  the  facts  relating 
^■-^  '    ^         \  to  nerve-degeneration  can  be  more  readily 

interpreted  by  this  theory  than  by  one 
which  assumes  the  existence  of  direct  con- 
tinuity between  the  nerve-units.  But  it 
has  been  shown  by  Apathy  that  in  annelids 
(the  nervous  system  of  which  was  formerly 
supposed  to  offer  a  typical  example  of 
isolated,  linked  "neurones"),  the  fibrils  are 
in  fact  continuous  from  cell  to  cell  and  are 
not  interrupted  at  the  synapses  ;  it  is  there- 
fore possible  that  the  same  may  prove  true 
for  vertebrates  also,  in  which  case  the 
doctrine  of  independent  units  would  require 
modification.  We  may  at  any  rate  assume 
the  truth  of  the  hypothesis  so  far  as  the 
nutrition  of  all  the  processes  of  the  nerve- 
cell  to  their  remotest  termination  is  con- 
cerned, independently  of  the  question 
whether  there  is  or  is  not  anatomical 
continuity  of  nerve-fibrils  from  one  unit  to  the  other  ;  for  there  are  many 
examples  in  both  animal  and  plant  cells  of  such  interdependence  by  means 
of  fibrils,  combined  with  a  considerable  amount  of  trophic  independence. 


Fig.  212.— Arborisation  op  col- 
laterals FROM  THE  POSTERIOR 
ROOT-FIBRES  AROUND  CELLS  IN 
THE  POSTERIOR  HORN  OP  GREY 
MATTER.  (Cajal.) 

A,  fibres  of  posterior  columu  derived 
from  posterior  root ;  B,  collaterals  ; 
C,  D,  nerve-cells  in  grey  matter  sur- 
rounded by  the  arborisations  of  the 
collaterals  ;  E,  an  arborisation  shown 
separately. 


t 


STRUCTURE  OF  GANGLIA. 

In  the  ganglia  (figs.  213,  214)  each  nerve-cell  has  a  nucleated  sheath 
which  is  continuous  with  the  neurolemma  of  the  nerve-fibre  with  which 
the  cell  is  connected.  In  the  spinal  ganglia,  and  in  many  of  the  corre- 
sponding ganglia  on  the  roots  of  the  cranial  nerves  of  mammals  and  of 
most  other  vertebrates,  the  cells  have  only  one  issuing  process,  the 
axis-cylinder  process,  which  soon  acquires  a  medullary  sheath  and  then 
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passes  with  a  somewhat  convoluted  course  to  some  little  distance  from 
the  cell-body,  where,  still  within  the  ganglion,  it  divides  into  two ;  one 


Fig.  213. — Longitudinal  section  through  the  middle  of  a  ganglion  on 

THE  posterior  BOOT  OF  ONE  OF  THE  SACRAL  NERVES  OF  THE  DOG,  AS 
SEEN  UNDER  A  LOW  MAGNIFYING  POWER. 

a  nerve-root  entering  the  ganglion ;  6,  fibres  leaving  the  ganglion  to  join  the  mixed 
'    spinal  nerve ;  c,  connective-tissue  coat  of  the  ganglion  ;  d,  principal  group  of  nerve- 
cells,  with  fibres  passing  down  from  amongst  the  cells,  to  unite  with  the  longitu- 
dinally coursing  nerve-fibres  by  T-shaped  junctions. 


Fig.  214. — From  a  section  op  dog's  spinal  ganglion,  showing  different 
TYPES  OF  CELLS.    Photograph.    Magnified  240  diameters. 

The  clear  patch,  free  of  Nissl  granules,  seen  in  some  of  the  cells  i.s  the  place  of  origin  of 
the  axon.  Some  of  the  cell-bodies  have  shrunk  away  from  the  nucleated  capsule. 
Notice  the  smaller  and  more  darkly  staining  cells,  contrasting  with  the  larger  and 
clearer  colls. 


fibre  passing  to  the  nerve-centre,  and  the  other  towards  the  periphery. 
The  branching  is  T-shaped  or  Y-shaped,  and  always  occurs  at  a  node 
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of  Ranvier  (figs.  215,  216).  The  neuro-fibrils  of  the  central  and  peri- 
pheral branches  retain  their  individuality  in  the  common  trunk ;  the}' 
are  traceable  into  a  neuro-fibril  network  within  the  cell-body.  These 
spinal  ganglion-cells  have,  as  a  rule,  no  dendrons,  but  some  show, 
besides  the  axon,  short  processes  terminating  in  bulbous  enlargements 
(fig.  218)  either  within  the  cell-capsule  or  immediately  outside  it 
(Huber,  Cajal).  These  either  represent  dendrons,  or,  as  Nageotti  has 
suggested,  aborted  axons.  The  short  intracapsular  processes  also 
occur  in  sympathetic  ganglia  (Cajal)  (figs.  211,  222). 


Fig.  215. — Two  spinal  ganglion-cells,  showing  bifurcation  op  their 
NERVE-FIBRE  PROCESSES.    (Ranviei'.)    Osmic  preparation. 

n,  nucleus  of  one  of  the  cells  ;  n',  nuclei  of  capsules ;  n",  nuclei  of  neurolemma ; 
c,  c,  c',  c',  conatrictious  of  Ranvier. 

The  origin  of  the  axon  is  not  always  simple,  but  may  be  multiple, 
the  several  parts  forming  at  first  a  plexus  close  to  the  cell,  even- 
tually joining  to  produce  a  single  axon.  This  multiple  condition 
tends  to  become  accentuated  with  age  (fig.  219). 

Two  chief  varieties  of  cell  occur  in  the  spinal  ganglia,  one  large  and  clear, 
the  other  small  and  staining  almost  uniformly  cTark  (figs.  214,  21G).  Many 
more  types  of  cell  are,  however,  distinguishable.  As  was  first  shown 
by  Dogiel,  the  cell-body  of  the  spinal  ganglion-cell  may  be  invested  by 
the  convoluted  ramifications  of  a  fine  afl'erent  nerve-fibre  (fig.  217),  derived 
either  from  one  of  the  other  cells  of  tlie  same  ganglion  or  from  a  cell  in  a 
neighbouring  sympathetic  ganglion.  Similar  afferent  filjres  forming  peri- 
cellular plexuses  also  occur  in  the  sympathetic  ganglia  (fig.  223). 


STRUCTURE  OF  GANGLIA. 


Fig.  216. — Types  of  cekebro-spinal  ganglion-cells,  from  vagus  ganglion 

OP  CAT.  (Cajal.) 

A,  B,  large  cells  with  much  convoluted  commencement  of  axon ;  C,  D,  smaller  cells  ; 
E,  F,  smallest  cells,  staining  darkly  and  without  axonal  convolutions. 


Fig.  217.— Pericellclak  arborisations  in  spinal  ganglion-cells.  (Cajal.) 
In  A  tho  arborisation  extends  over  the  cell-body ;  in  B  it  is  limited  to  the  axon. 
n,  b,  c,  d,  afTei'ont  fibre. 
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Sections  of  sympathetic  ganglia  (fig.  220)  fail  to  show  the  regular 
arrangement  of  bundles  of  medullated  fibres  traversing  the  ganglion 
which  form  a  conspicuous  feature  in  the  spinal  ganglia.  The  nerve- 
cells  are  smaller  and  usually  have  several  dendrons  and  one  axon  ;  this 
becomes  a  non-medullated  nerve-fibre,  but  is  occasionally  finely  medul- 
lated.   In  certain  animals  (rabbit,  hare,  guinea-pig)  the  sympathetic 


'I: 
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Fig.  218.— Cerebeo-spinal  ganglion-cells,  man.  (Cajal.) 
a,  b,  intracapsular  dendrons,  with  knobbed  extremities. 


Fig.  219.— Senile  type  of  cerebro-spinal  ganglion-cell.  (Cajal.) 
a,  issuing  axon  ;  b,  part  of  pericellular  plexus  ;  c,  pericellular  loops.  , 

cells  have  each  two  nuclei  (fig.  221).  In  the  frog  they  are  unipolar, 
but  sometimes  with  a  second  spiral  fibre  winding  round  the  issuing 
axon.  Such  spiral  fibres  occur  also  in  man  ;  they  appear  to  be  afferent 
fibres  which  are  forming  synapses  around  the  axons  and  cell-bodies 
of  the  ganglia-cells  (fig.  223). 

The  cells  of  ganglia  are  disposed  in  aggregations  of  different  size, 
separated  by  the  bundles  of  nerve-fibres  which  are  traversing  the 
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Fig.  220. — Section  of  stmpathetic  ganglion  of  dog.  Photograph. 
Magnified  240  diameters. 


Fig.  221.— a  sympathetic  nerve-cell.  (Ranvier.) 
n,  n,  nuclei  of  cell ;  /,  /,  pale  fibres  issuing  from  coll ;  n',  n",  nuclei  on  fibres. 
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Fig.  223.— Two  cells  fhom  a  sympathetic  ganglion  of  man  showing  the 
termination  of  afferent  fibres  within  the  cell-capsdle.  (cajal.) 

A,  large  ;  B,  small  cell,    a,  b,  afferent  fibres  surrounding  a  dendron  and  passing  into  capsule. 
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ganglion  (fig.  220).  The  ganglion  if  large  is  inclosed  by  an  investing 
capsule  of  connective  tissue  which  is  continuous  with  the  epineurium 
and  perineurium  of  the  entering  and  issuing  nerve-trunks. 

DEGENERATION  AND  REGENERATION  OF  NERVE-FIBRES  AND 

NERVE-CELLS. 

Since  each  nerve-fibre  is  the  process  of  a  nerve-cell,  when  a  nerve  is 
cut,  the  separated  part  degenerates.  Its  axis-cylinder  becomes  broken  up 
and  disappears,  the  nuclei  of  the  neurolemma  multiply,  and  the  medullary 
sheath  undergoes  a  process  of  disintegration  into  droplets  of  fatty 
substance  which  stain  intensely,  like  fat  itself,  in  a  mixture  of  bichro- 
mate of  potash  and  osmic  acid  which  does  not  stain  the  medullary 
sheath  of  normal  fibres.  The  change  which  results  in  the  fibres  was 
described  by  A.  Waller  in  1850,  and  is  known  as  Wallerian  degeneration 
(fig.  224,  A  to  c).  In  man  and  mammals  these  changes  begin  24  to  48 
hours  after  section  of  the  nerve,  and  proceed  rapidly,  so  that  by  the 
third  day  the  nerve-fibres  cease  to  conduct  impulses.  When  a  peri- 
pheral nerve  is  cut,  all  the  nerve-fibres  distal  to  the  point  of  section 
must  degenerate,  because  all  have  grown  from  and  are  processes  of 
nerve  cells  in  or  near  the  nerve-centre — the  aflferent  fibres  from  the 
cells  of  the  ganglion  on  the  posterior  root,  the  efferent  fibres  from  the 
cells  of  the  anterior  horn  of  the  spinal  cord. 

Waller  supposed  that  no  changes  are  produced  centrally  to  the 
injury  when  a  nerve  is  cut,  nor  indeed  is  there  any  obvious  immediate 
alteration  in  the  nerve-fibre  itself  between  the  injury  and  the  cell- 
body,  although  it  is  stated  that  the  fibrils  of  the  axis-cylinder  dis- 
appear for  a  time.  But  it  was  found  by  Nissl  that  degenerative  changes 
occur  in  the  cell-body  of  every  cell,  whether  motor  or  sensory,  the 
axis-cylinder  of  which  has  been  severed. ^  These  changes  become 
apparent  a  few  days  after  section  of  the  nerve-fibre  and  consist  in 
a  disintegration  of  the  chromatin  granules,  associated  at  first  with  a 
general  swelling  of  the  cell-body  and  nucleus,  which  last  passes  to  the 
periphery  of  the  cell-body.  After  a  time  the  disintegrated  chromatic 
substance  becomes  in  great  measure  removed  and  the  cell-body  and 
nucleus  become  shrunken  in  volume.  This  process  of  disintegration 
and  disappearance  of  chromatin  may  be  termed  Nissl  degeneration :  it 
is  also  known  as  chromatolysis.    It  is  brought  about  not  only  by 

'  But  section  of  the  posterior  root-fibres  central  to  the  ganglia  does  not  entail 
'  degeneration  of  the  ganglion-cells  from  which  they  arise.  Nor  does  section  of 
.  a  spinal  nerve  always  entail  degeneration  of  the  anterior  horn  cells  from  which 

Its  motor  fibres  arise  (Van  Gehuchten).    Why  these  apparent  exceptions  occur 

IS  not  understood. 

M 
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section  of  the  axon  (fig.  199),  but  also  as  the  result  of  excessive  fatigue 
of  the  intact  cell  (fig.  198),  and  of  the  action  of  a  large  number  of 
drugs  and  poisons. 


Fig.  224. — Degeneration  and  regeneration  of  nerve-fibres  in  the  rabbit. 

(Ranvier. ) 

A,  part  of  a  nerve-fibre  in  which  degeneration  has  commenced  in  consequence  of  the 
section,  fifty  hours  previously,  of  the  trunli  of  the  nerve  liigher  up ;  my,  medullary 
sheath  becoming  broken  up  into  drops  of  myelin  ;  p,  granular  protoplasmic  sub- 
stjince  which  is  replacing  the  myelin  ;  n,  nucleus  ;  g,  neurolemma.  B,  another 
fibre  in  which  degeneration  is  proceeding,  the  nerve  having  been  cut  four  days  pre- 
viously ;  p,  as  before  ;  c?/,  axis-cylinder  partly  broken  up,  and  the  pieces  inclosed  in 
portions  of  myelin,  mji.  C,  more  advanced  stage  of  degeneration,  the  medullary 
sheath  having  almost  disappeared,  and  being  replaced  by  protoplasm,  p,  in  which, 
besides  drops  of  fatty  substance,  m,  are  numerous  nuclei,  n",  which  have  resulted 
from  the  division  of  the  single  nucleus  of  the  internode.  D,  commencing  regener- 
ation of  a  nerve-fibre.  Several  small  fibres,  <",  have  sprouted  from  the  some- 
what bulbous  cut  end,  6,  of  the  original  fibre,  t ;  a,  an  axis-cylinder  which  has  not 
yet  acquired  its  medullary  sheath ;  s,  s',  neurolemma  of  the  original  fibre. 
A,  C,  and  D  are  from  osmic  preparations;  B,  from  an  alcohol  and  carmine  pre- 
paration. 


The  chromatolysis  may  be  persistent  or  may  be  recovered  from. 
Sometimes  it  is  followed  by  almost  complete  atrophy  of  the  cell- 
body,  and  when  this  is  marked  there  may  be  a  secondary  Wallerian 
degeneration  of  the  part  of  the  nerve-fibre  still  attached  to  the  cell. 
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The  chromatolysis  is  accompanied  by  changes  in  the  neurofibrils 
of  the  cells,  which  stain  differently  and  become  granular  (Marinesco). 

Regeneration. — After  a  certain  lapse  of  time,  especially  if  the  cut 
ends  of  the  nerve  are  in  apposition,  continuity  between  them  may 
become  re-established.  But  when  such  regeneration  takes  place  in 
the  cut  nerve,  it  is  effected  not  by  a  re-establishment  of  connection 
between  the  degenerated  fibres  and  the  fibres  of  the  central  stump, 
but  by  an  outgrowth  of  new  fibres  from  the  stump  (figs.  224,  D ;  225), 
which  endeavour  to  find  their  way  to  the  periphery  along  the  course 
of  the  degenerated  fibres.  If  they  succeed  in  doing  so,  the  continuity 
and  conducting  power  of  the  nerve  become  ultimately  restored.  This 
may  not  happen  for  three  months  or  more,,  according  to  the  length 
of  nerve  cut  off  and  the  nature  of  the  severance,  although  the  process 
begins  within  a  few  days  of  the  injury  in  man.  Some  investigators 
have  attempted  to  show  that  regeneration  may  take  place  independently 
in  the  peripheral  part  of  the  cut  nerve,  but  the  evidence  offered  is 
not  conclusive,  although  changes  occur  in  the  distal  part  pre- 
paratory to  the  down-growth  of  new  fibres  into  it.  There  appears, 
in  fact,  to  be  no  union  of  the  down-growing  fibres  with  regenerated 
fibres  in  the  peripheral  part.  Recent  investigations  have  shown 
conclusively  that  whenever  continuity  is  re-established  it  is  invariably 
due  to  the  growth  of  fibres  from  the  central  stump  of  the  cut  nerve. 
These  down-growing  fibres  are  usually  terminated  by  a  button-like 
swelling  similar  to  that  which  characterises  the  growing  fibres  of  the 
embryonic  nerves  {incremental  cone),  and  they  may  also  exhibit 
numerous  lateral  ramifications.  Even  when  the  cut  central  stump  is 
turned  backwards  and  fixed  amongst  the  muscles  or  under  the  skin 
a  certain  number  of  newly-budded  fibres  may  find  their  way  from  it 
into  the  degenerated  peripheral  part  of  the  nerve. 

If  regeneration  fail  to  establish  itself,  the  central  end  of  the  cut 
fibre  and  the  cell-body  from  which  it  takes  origin  undergo  slow 
atrophic  changes  resulting  from  disuse.  These  atrophic  changes  may 
ultimately  extend  to  other  links  in  the  cell-chain,  especially  in 
young  animals ;  so  that  even  remote  cells  in  the  same  physiological 
path  may  eventually  become  atrophied  {v.  Gudden's  atrophy). 

No  regeneration  of  cut  nerve-fibres  is  ever  seen  in  the  brain  or 
spinal  cord,  although  the  process  of  degeneration  of  fibres  which 
are  cut  off  from  their  cell-bodies  occurs  in  the  same  manner  as  at 
the  periphery,  and  the  Nissl  degeneration  also  takes  place  in  the 
cell-bodies.  Both  in  the  nerve-centres  and  the  peripheral  nerves  (if 
regeneration  fail  to  occur),  the  place  of  the  degenerated  nerve-fibres 
becomes  eventually  occupied  by  strands  of  fine  fibres,  somewhat  similar 
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to  the  fibres  of  cicatricial  tissue.  These  strands  stain  deeply  with 
carmine  and  remain  unstained  by  osmic  acid  and  by  the  Weigert-Pal 


Fig.  22.").  -  Fibres  from  thk  central 
cut  end  of  sciatic  nkrvk  (of  young 

rabbit)  cut  10  DAYS  BEFORE  DEATH. 

(Cajal.) 

A,  fibres  showing  down-growth  of  axis-cylin- 
der.s  (6)  which  are  invested  by  flattened 
nucleated  cells ;  a,  intact  iiart  still  my- 
elinated. B,  a  fibre,  the  axis-cylinder 
of  which  has  not  grown  down  with  the 
rest,  but  which  shows  various  degenerative 
appearances,  such  as  buds  from  the  axis- 
cylinder  and  at  d,  a  separation  of  the  fibrils. 


Fig.  226.— From  the  distal  end  of  a 

NERVE  CUT  78   days  BEFORE  DEATH. 

(Uajal.) 

o,  c,  enlarged  growing  ends  of  axis-cylinder 
sprouts  which  have  grown  down  from  the 
central  cut  end  into  the  old  sheaths  of  the 
cut  nerve-fibres  (myelin  drops  are  still 
visible  within  the  sheaths).  The  middle 
fibres (/()are  interstitial  (not  in  old  .«hcaths). 
they  sliow  a  new  formation  of  a  nucleated 
sheath.  The  fibre  d  has  an  enlarged  end, 
0,  with  sheath  6;  f,  very  fine  fibres  within 
an  old  sheath  ;  to  the  left  of  it,  an  old 
sheath  without  new  fibres. 


NEUEOGLIA. 
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method,  and  are  thus  differentiated  from  the  surrounding  normal 
medullated  nerves. 

NEUROGLIA. 

In  the  brain  and  spinal  cord  the  nerve-cells  and  nerve-fibres  are 
supported  by  a  peculiar  tissue  which  has  been  termed  the  neuroglia. 
It  is  composed  of  cells  and  fibres,  the  latter  being  prolonged  from  and 
through  the  cells.  Of  the  fibres  some  are  radially  disposed.  These 
start  partly  from  the  lining  layer  of  the  central  canal  of  the  spinal 
cord  and  the  ventricles  of  the  brain,  where  they  are  originally  if 


Fig.  227.— Section  of  spinal  cord  of  embryo  chick,  showing  neuroglia 
fibres  prolonged  from  the  epithelium  of  the  central  canal.  (cajal.) 

rf,  dorsal ;  v,  ventral  surface ;  c,  central  canal  from  which  the  neuroglia  cells  and  fibres 
are  seen  to  radiate  to  the  periiihery  of  the  cord.  Some  detached  neuroglia  cells  are 
also  represented. 

not  permanently  continuous  with  the  ciliated  epithelium  cells  lining 
these  cavities.  They  course  in  a  radial  direction,  slightly  diverging 
as  they  proceed,  and  constantly  branching,  towards  the  surface  of 
the  organ,  where  they  end  in  enlargements  attached  to  the  pia  mater. 
Radial  neuroglia  cells  and  fibres  are  seen  in  the  embryo  before  the 
nervous  elements  are  fully  developed  (fig.  227) ;  when  first  distinct 
they  are  termed  sjyongiohlasis  (His). 

Neuroglia-fibres  are  contained  within  prolongations  or  cell-processes 
of  branching  neuroglia-cells   (glia-cells).    The  cells  are  stellate  in 
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shape  (fig.  229),  and  their  fine  processes  pass  as  neuroglia-fibres 
between  the  nerve-cells  and  nerve-fibres,  which  they  aid  in  sup- 
porting (fig.  228).  There  appear  to  be  two  kinds  of  these  neuroglia- 
cells  differing  from  one  another  in  the  character  of  their  processes 
(Andriezen).     In   the   one  kind   the   processes  branch  repeatedly 


r 


Fig.  228. — Teansveh.se  section  of  white  m.vttek  of  spinal  cord,  showing 
nerve  fibres  cut  across  and  neuroglia  fibres  amongst  them. 
(Ranvier.) 

t,  a  medullary  nerve  fibre  ;  c,  its  axis-cylinder ;  f,  a  small  flbi  e  ;  n,  neuroglia  cell-body ; 
a,  a,  neuroglia  fibres  ;  a',  others  cut  across. 

(arborescent  cells) ;  in  the  other  kind  they  remain  unbranched  from 
their  origin  in  the  cell-body  to  their  termination  (spider-cells). 

Some  authorities  believe  that  the  fibres  of  the  neuroglia  are  inter-  not 
intra-cellular,  although  it  is  admitted  by  all  that  they  are  formed  originally 
by  the  neuroglia-cells. 
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DEVELOrMENT  OF  NERVE-CELLS  AND  NERVE-FIBRES. 

All  nerve-cells  in  the  body  are  developed  from  the  cells  of  the  neural 
groove  and  neural  crest  of  the  early  embryo  ;  the  neural  groove  closing 
to  form  the  neural  canal  (fig.  230),  the  cells  of  which  form  the  spinal 
cord  and  brain,  and  the  neural  crest  giving  off  at  intervals  sprouts 


Fig.  229.— Neuroglia  cell  from  spinal  cord.  (Ranvier.) 
Isolated  after  maceration  in  33  p.c.  alcohol. 

which  become  the  germs  of  the  spinal  ganglia.  The  cells  which  line 
the  neui'al  canal  are  at  first  all  long  columnar  cells,  but  amongst  these, 
and  probably  produced  by  cell-division  from  some  of  these  (fig.  231,  g"). 
rounded  cells  {neuroblasts)  make  their  appearance,  the  remaining 
elongated  cells  forming  the  spongioblasts.  Soon  from  each  neuroblast 
a  process  begins  to  grow  out  (fig.  231,  7i,  and  fig.  232).  This  is 
the  axon,  and  it  is  soon  characterised  by  an  enlarged  extremity 
{incremental  cone)  (fig.  233,  h,  h;  fig.  234,  B,  c).  As  it  grows,  it  may 
emerge  from  the  antero-lateral  region  of  the  canal  and  become  the 
axis-cylinder  of  a  motor  nerve  or  anterim'  root-fibre.  The  dendrons  of 
the  cell  appear  somewhat  later  than  the  axon.  The  axis-cylinder 
processes  of  some  of  the  neuroblasts  remain  within  the  nerve-centre, 
and  are  developed  into  commissural,  association,  and  intercentral 
fibres.  Harrison  has  directly  observed  the  outgrowth  of  the  axon 
processes  of  the  neuroblasts  of  the  amphibian  larva  in  isolated  neuro- 
blasts examined  in  serum  under  the  microscope.  They  can  also  be 
seen  growing  from  the  ends  of  the  developing  nerve-fibres  in  the  tail 
of  the  tadpole. 

The  sprouts  from  the  neural  crest  contain  the  neuroblasts  from  which 
the  posterior  root-fibres  are  developed.    Axons  grow  out  from  these 
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neuroblasts  in  two  directions,  so  that  the  cells  become  bipolar  (fig.  235). 
One  set  of  processes,  forming  the  posterior  root-fibres,  grow  into  the 


Fig.  230.— CLOsonE  of  neukal  canal  of  human  embryo,  showing  the  cells 

OF  THE  NEURAL  CREST  BECOMING  SEPARATED  TO  FORM  THE  GERMS  OF  THE 

SPINAL  GANGLIA,    (v.  Lenliossek. ) 

A,  canal  still  open  ;  B,  canal  closed. 


Fig.  231.  Fig.  232. 


Fig.  231.— Section  of  neural  epithelium  of  early  embryo.  (His.) 

Highly  magnified  view  of  part  of  a  section,  at  tlie  time  of  the  first  differentiation  of 
the  neuroblasts,  showing,  s',  spongework  formed  of  the  outer  ends  of  columnar 
epithelium  cells,  s;  ff,  rounded  "germinal  cells"  in  p»-ocess  of  division  (probably 
to  form  neuroblasts) ;  n,  a  neuroblast. 

Fig.  232.— Neuroblasts  from  a  pig-embuyo,  showtng  three  stages  of 
development.    (Grurwitscli,  after  Scott.)    Highly  magnified. 


dorsal  portion  of  the  spinal  cord  and  ramify  in  the  developing  grey 
matter;  the  other  set,  containing  the  afferent  fibres  of  the  spinal 
nerves,  grow  towards  the  developing  ventral  roots,  and  eventually 
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mingle  with  them  to  form  the  mixed  nerves.  As  development  pro- 
ceeds, the  bipolar  ganglion  cells  become  gradually  transformed  in  most 
vertebrates,  by  a  shifting  of  the  two  axons,  into  unipolar  cells  (fig. 
235,  h,  i,  j ;  fig.  236) ;  but  in  some  fishes  the  cells  remain  permanently 
bipolar  (fig.  206).  This  is  also  the  case  with  the  ganglion-cells  of  the 
eighth  cranial  nerve  (ganglion  of  Scarpa  and  ganglion  of  the  cochlea). 
The  f^anglia  on  the  sympathetic  and  on  other  peripheral  nerves  are 


Fig.  234. 


Fig.  233.— Section  of  spinal  cord  of  chick  of  third  day  of  incubation. 

(Cajal.) 

A,  anterior  root-fibres  formed  by  outgrowths  of  motor  neuroblasts,  c,  e  ;  B,  posterior 
root-fibres  formed  by  ingrowths  of  bipolar  sensory  neuroblasts,  o,  in  ganglion  rudi- 
ment ;  a,  early  neuroblasts ;  b,  neuroblast  giving  rise  to  a  commissural  nerve-fibre, 
d;  li,  i,  enlarged  ends  of  growing  axons  ;  e,  e,  neuroblasts  of  which  the  dendrons  are 
beginning  to  appear. 

Fig.  234.— Neuroblasts  from  the  spinal  cord  of  a  third-day  chick 

embryo.    (Gajal. ) 

A,  three  neuroblasts,  stained  bj'  Cajal's  reduced  silver  method,  showing  a  network  of 
neuro-fibrils  in  the  cell-body ;  a,  a  bipolar  cell.  B,  a  neuroblast  stained  by  the 
method  of  Golgi,  showing  the  incremental  cone,  c. 

I  developed  from  small  masses  of  neuroblast  cells  which  have  wandered 
along  the  course  of  the  out-growing  nerve-fibres,  and  give  origin  to 
axons  and  dendrons  much  in  the  same  way  as  do  the  neuroblasts  within 

I  the  central  nervous  system. 

The  manner  in  which  the  medullary  sheath  and  neurolemma  of  the 

I  nerve-fibres  are  formed  is  not  fully  understood.  It  is  probable  that  the 
medullary  substance  at  any  rate  is  formed  by  the  axis-cylinder  itself, 
although  the  neurolemma  with  its  nuclei  may  be  derived  from  cells 
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which  have  either  wandered  out  from  the  neural  ectoderm  or  are  of 
mesodermic  origin. 


Fig  235. — Spinal  and  sympathetic  ganglia  and  part  op  spinal  coed  of 

CHICK  OF  seventeenth  DAY  OF  INCUBATION.  (Cajal.) 

A,  antero-lateral  part  of  spinal  cord  with  d,  a  motor  nerve-cell ;  the  fibres  of  the  anterior 
root  are  seen  emerging  and  passing  to  B  (the  connection  appears  interrupted 
in  the  section) ;  C,  posterior  root  formed  of  fibres  which  have  gi-own  from  the 
ganglion-cells  in  D,  spinal  ganglion ;  E,  mixed  spinal  nerve ;  F,  sympathetic 
ganglion  ;  a,  a,  axons  of  sympathetic  cells,  passing  to  join  the  spinal  nerve ;  b,  den- 
drons  of  these  cells ;  c,  axons  passing  to  the  sympathetic  cord ;  h,  cells  of  spinal 
ganglion  still  bipolar ;  i,  i,  bipolar  cells  becoming  transformed  into  unipolar ; 
',  unipolar  cell  with  T-junction  ;  /,  section  of  an  artery  ;  ij,  body  of  vertebra. 


Fig.  236. — Spinal  ganglion-cells  showing  transitions  feoji  bipolar  to 
UNIPOLAR  condition.  (Holmgren.) 


The  neuroglia-cells  appear  to  be  developed  from  ectoderm  cells 
(spongioblasts)  of  the  wall  of  the  neural  canal,  which,  in  place  of 
giving  off  axon  and  dendrons  like  the  neuroblasts,  send  out  a  number 
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of  fine  processes  in  all  directions  from  the  cell  to  form  the  fibres  of 
the  neuroglia.  It  is  held  by  some  authorities  that  the  neuroglia  has  a 
double  origin,  some  of  the  cells  with  unbranched  processes  being 
developed  from  ectoderm  and  the  others  from  mesoderm. 

Some  neurologists  are  of  opinion  that  the  nerve-fibres  do  not  grow  out 
from  single  nerve-cells  in  the  manner  above  described,  but  are  formed  of 
chains  of  cells  which  emerge  from  the  neural  ectoderm  or  from  the  ganglion- 
rudiments,  and  join  end  to  end  into  a  syncytium,  which  gradually  lengthens 
out  into  the  nerve-fibre,  the  nuclei  of  the  syncytium  becoming  the  nuclei 
of  the  neurolemma,  and  the  protoplasm  of  the  syncytium  becoming 
difierentiated  into  axis-cylinder,  medullary  sheath,  and  neurolemma  as 
development  advances.  Others,  whilst  agreeing  that  the  axis-cylinders 
grow  out  as  cell  processes  from  the  neuroblasts  of  the  neural  canal  and 
ganglia,  describe  those  outgrowing  processes  as  surrounded  by  other  neural 
ectoderm  cells — lemmul  cells — which  accompany  them  in  their  progress 
through  the  tissues,  multiplying  as  they  proceed,  and  forming  eventually 
the  nucleated  sheath  of  the  meduUated  nerve. 
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LESSON  XIX. 
MODES  OF  TERMINATION  OF  NERVE-FIBRES. 

1.  Shell  out  a  Pacinian  corpuscle  from  a  piece  of  cat's  mesentery  which 
may  either  be  fresh  or  may  have  been  kept  for  two  or  three  days  in  ^-  per 
cent,  chromic  acid  or  in  5  per  cent,  formo).  Clear  it  as  much  as  possible  of 
adhering  fat,  but  be  careful  not  to  prick  or  otherwise  injure  the  corpuscle 
itself.  Mount  in  water  or  saline  with  a  thick  hair  to  prevent  crushing  with 
the  cover-glass.  Sketch  the  corpuscle  under  a  low  power,  and  afterwards 
draw  under  a  high  power  the  part  of  the  core  where  the  nerve  enters  and  the 
part  where  it  terminates.  Notice  the  fibrous  structure  of  the  lamellar  tunics 
of  the  corpuscle  and  the  oval  nuclei  belonging  to  flattened  epithelioid  cells 
which  cover  the  tunics.  The  distinct  lines,  which  when  seen  in  the  fresh 
corpuscles  are  generally  taken  for  the  tunics,  are  really  the  optical  sections 
of  these  flattened  cells. 

2.  Pacinian  corpuscles  may  often  be  observed  in  sections  of  skin  in  the 
subcutaneous  tissue  ;  tactile  corpuscles  may  be  seen  in  the  papilL^  of  the 
palmar  surface  of  the  hand  and  fingers. 

3.  Dissect  oif  a  small  portion  of  conjunctiva  from  the  eye  of  a  calf  or  other 
animal.  Spread  it  out  on  a  slide  with  the  under  surface  uppermost,  and 
place  upon  it  a  drop  of  1  per  1000  methylene  blue  solution.  Watch  the  pre- 
paration with  a  low  power  until  the  nerve-fibres  come  into  view,  then  cover 
and  trace  them  with  the  high  power.  They  will  be  seen  to  end  in  elongated 
end-bulbs.  ° 

Somewhat  similar  endings  can  be  shown  in  the  same  manner  in  a  piece  of 
parietal  peritoneum  stripped  off'  and  laid  out  flat  upon  a  slide  and  mounted 
in  methylene  blue  solution. 

4.  Study  the  corpuscles  of  Grandry  and  of  Herbst  in  sections  of  the  skin 
covering  the  duck's  bill. 

5.  Mount  in  dilute  glycerine  sections  of  a  rabbit's  cornea  which  has  been 
stained  with  chloride  of  gold  by  Klein's  method.  Notice  the  arrangement  in 
plexuses  of  the  darkly-stained  nerve-fibres  and  fibrils,  (1)  in  the  connective- 
tissue  substance,  (2)  under  the  epithelium,  and  (3)  between  the  epithelial 
cells.  Make  one  or  two  sketches  showing  the  arrangement  of  the 
fibrils. 

6.  Spread  out  a  small  piece  of  muscle  which  has  been  stained  with  chloride 
of  gold  by  Lowit's  method,  or  with  hsematoxylin  by  Sihler's  method,  and 
examine  it  with  a  low  power  to  find  the  nerve-fibres  crossing  the  muscular 
fibres  and  distributed  to  them.  Occasionally  the  nerve-fibres  which  end  in 
the  muscle-spindles  may  be  observed. 

The  pieces  of  muscle  are  advantageously  thinned  out  for  observation  by 
pressure  upon  the  cover-glass.  Search  thoroughly  for  the  close  terminal 
ramifications  (end-plates)  of  the  axis-cylinders  immediately  within  the  sarco- 
lemma. 

These  nerve-endings  as  well  as  others  elsewhere  can  also  be  displayed  in 
preparations  made  by  Ehrlich's,  Golgi's  or  Cajal's  methods  (see  Appendix). 
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Modes  of  ending  of  sensory  nerve-fibres. — Nerve-fibres  which  are 
distributed  to  sensory  parts  end  either  in  special  organs  or  in  free 
terminal  ramifications,  these  last  being  usually  in  epithelia.  Within  the 
special  organs  the  actual  nerve-ending  is  also  generally  ramified. 

Nerve-endings  in  special  connective-tissue  organs. — Three  chief 
kinds  of  these  special  organs  are  usually  described,  represented  in  man 
by  Pacinian  corpuscles,  tactile  corjncscles,  and  encl-hulhs.  The  type  is  the 
same  in  all :  a  lamellated  connective-tissue  capsule  inclosing  a  core  of  a 


Fig.  237.  Fig.  238. 

Fig.  237.— Tactile  corpuscle  within  a  papilla  of  the  skin  of  the  hand, 
STAINED  WITH  CHLORIDE  OP  GOLD.    (Ranvier. ) 

n,  two  nerve-fibres  passing  to  the  corpuscle ;  a,  a,  varicose  ramifications  of  the  axis- 
cylinders  within  the  corpuscle. 

Fig.  238.— Section  of  a  tactile  corpuscle,  .showing  the  cells  composing 

THE  core  and  the  RAMIFICATIONS  OF  THE  AXIS-CYLINDEK  AMONGST  THEM, 
ENDING  IN  FIBRILLATED  ENLARGEMENTS.     (Van  de  Velcle. ) 

a,  axis-cylinder  ;  6,  capsule  of  corpuscle ;  c,  a  nerve-termination  outside  the  corpuscle. 


soft  material  which  appears  to  be  composed  of  nucleated  protoplasmic 
cells ;  the  capsule  being  an  expansion  of  the  perineurium,  and  the  core 
an  expansion  of  the  endoneurium  of  the  nerve.  Within  the  core  the 
axis-cylinder  terminates  either  simply  or  by  a  more  or  less  complex 
arborescence.  The  variations  which  occur  are  chiefly  due  to  the 
complexity  of  the  capsule,  which  is  simplest  in  the  end-bulbs  and  most 
complex  in  the  Pacinian  corpuscles.  In  the  tactile  corpuscles  and  end- 
bulbs  the  connective-tissue  sheath  of  the  medullated  fibre  expands  to 
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form  a  bulbous  enlargement,  which  is  cylindrical  or  spheroidal  in  the 
end-bulbs  and  ellipsoidal  in  the  tactile  corpuscles.    In  both  kinds  of 


Fig.  239.— E'nd-bulbs  at  the  terminations  of  nerves  in  the  human  con- 
junctiva, AS  seen  with  a  lens.  (Longworth.) 


Fig.  240.— a  medullatkd  fibre  terminating  in  several  end-bulbs  in  the 
HUMAN  PERITONEUM.  (A.  S.  Dogiel. )  Meth.vlene  blue  preparation.  Low 
power. 

end-orgaii  as  the  nerve-fibre  enters  (which  in  the  tactile  corpuscle  only 
happens  when  it  has  reached  the  distal  part,  after  having  wound  spirally 
once  or  twice  round  the  corpuscle)  it  loses  its  sheaths  and  is  prolonged 


ENDING  OF  NEEVE-FIBRES. 


191 


as  an  axis-cylinder  only ;  this  generally  ramifies  and  its  branches  ter- 
minate after  either  a  straight  or  a  convoluted  course  within  the  organ  ; 
but  it  sometimes  remains  almost  unbranched  (see  figs.  237  to  242). 
Tactile  corpuscles  occur  in  some  of  the  papillae  of  the  skin  of  the  hand 
and  foot,  in  sections  of  which  they  can  be  studied  (see  fig.  332,  p.  262). 
End-bulbs  are  found  in  the  conjunctiva  of  the  eye,  where  in  most  animals 


Fig.  241. — End-bulbs  from  the  human  pebitoneum.    (Dogiel.)   More  higlilj' 
magnified.    Methylene  blue  preparation. 

a,  meduUated  fibre  ;  b,  nucleated  lamellated  capsule  of  end-bulb  ;  c,  non-medullated  fibres, 
l^robably  destined  for  the  capillaries  which  surround  the  end-bulbs. 


Fig.  242. — End-bulb  from  the  central  tendon  of  the  diaphragm  of  the  dog. 
(Dogiel.)  Showing  besides  the  main  medullated  fibre  terminating  by  an 
arborescence  within  the  core,  a  second  very  tine  medullated  fibre,  forming  a 
more  delicate  arborescence  around  the  ending  of  the  main  fibre  in  the  outer 
part  of  the  core.    Methylene  blue  preparation. 

they  have  a  cylindrical  or  oblong  shape,  but  in  man  they  are  spheroidal 
(fig.  239).  They  have  also  been  found  in  papillae  of  the  lips  and  tongue, 
in  serous  membranes,  in  tendons  and  aponeuroses,  and  in  the  epineurium 
of  the  nerve-trunks ;  and  somewhat  similar  sensory  end-organs  {genital 
cm-puscles)  also  occur  in  the  integument  of  the  external  genital  organs  of 
both  sexes  (fig.  243).  Similar  bodies  of  lar  ger  size  are  also  met  with 
in  the  neighbourhood  of  the  joints  {articular  corpuscles).    In  the  skin 
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covering  the  bills  of  certain  birds  {e.g.  duck),  a  simple  form  of  end-organ 
{corpuscle  of  Granclrp,  fig.  244)  occurs,  consisting  of  two  or  more  cells 
arranged  in  rows  within  a  capsule,  with  the  axis-cylinder  terminating 
in  flattened  expansions  {tactile  disks)  between  the  cells. 

The  Pacinian  corpuscles  are  larger,  and  have  a  more  complex 
structure,  than  the  tactile  corpuscles  and  end-bulbs  (fig.  245).  They 
are  composed  of  a  number  of  concentric  coats  arranged  like  the  layers 
of  an  onion,  and  inclosing  the  prolonged  end  of  a  nerve-fibre.  A  single 
medullated  nerve-fibre  goes  to  each  Pacinian  corpuscle,  encircled  by 
a  prolongation  of  the  perineurium  {sheath  of  Henle),  and  within  this  by 


Fig.  243.— End-bulb  from  the  glans 
penis,  showing  ending  of  axis-cylin- 
DER.   Methylene  blue  preparation. 
(Dogiel.) 

a,  medullated nervo-flbre ;  6,  slieath  of  cnd-bulb. 


Fig.  24L— Grandry  corpuscle.s  from 
THE  duck's  tongue.    (Izquierdo. ) 

A,  composed  of  tbreo  cells,  with  two  later- 
posed  disks,  into  which  the  axis-cylinder  of 
the  nerve,  n,  is  observed  to  pass  ;  in  B  there 
is  but  one  tactile  disk  inclosed  between  two 
tactile  cells. 


endoiieurium ;  when  it  reaches  the  corpuscle,  of  which  it  appears  to 
form  the  stalk,  the  lamellfe  of  the  perineurium  expand  into  the  tunics 
of  the  capsule.  The  nerve  passes  on,  piercing  the  tunics,  surrounded 
by  endoneurium,  and  still  provided  with  medullazy  sheath,  to  reach 
the  central  part  of  the  corpuscle.  Here  the  endoneurium  is  prolonged 
to  form  a  core  of  cylindrical  shape,  along  the  middle  of  which  the 
nerve-fibre,  now  deprived  of  its  medullary  sheath  and  neurolemma, 
passes  in  a  straight  course  as  a  simple  axis-cylinder  (figs.  245,  n' ;  247, 
c./)  to  terminate  at  the  farther  end  of  the  core,  either  in  an  arborisation 
or  in  a  bulbous  enlargement.  In  its  course  through  the  core  it  may 
give  off  lateral  ramifications,  which  penetrate  to  all  parts  of  the '  core, 
and  themselves  end  in  fine  branches. 
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Besides  the  raedullated  fibre,  which  is  always  very  conspicuous,  it  has  been 
shown  that  both  the  Pacinian  and  Herbst  corpuscles  receive  in  addition  a 
tine  non-medullated  nerve-fibre,  which  arboi'ises  over  the  outer  surface  of  the 
core.  A  similar  arrangement  also  obtains  in  Grandry's  corpuscles,  where  the 
tactile  cells  are  surrounded  with  such  an  arborisation  (Dogiel  and  others). 


Fig.  245.— Magnified  view  of  a  pacinian  body  prom  the  oat's  mesentery. 

(Ranvier. ) 

n,  stalk  of  corpuscle  with  nerve-fibre,  inclosed  in  sheath  of  Henle,  passing  to  the 
corpuscle ;  n ,  its  contuiuation  through  the  core,  m,  as  axis-cylinder  only  •  a  its 
terminal  arborisation  ;  c,  d,  sections  of  epithelioid  colls  of  tunics,  often  mistaken  for 
the  co^l)utclo*™^°       '     ''^'^""^^  through  the  tunics  which  expands  into  the  core  of 

N 
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The  tunics  of  the  capsule  are  composed  of  connective  tissue,  the 
fibres  of  which  for  the  most  part  run  circularly.  They  are  covered 
on  both  surfaces  with  a  layer  of  flattened  epithelioid  cells  (fig.  248), 
and  here  and  there  cleft-like  lymph-spaces  can  be  seen  between  them 
like  those  between  the  layers  of  the  perineurium. 

Pacinian  corpuscles  occur  in  many  parts,  e.g.  in  the  deeper  layers  of 
the  skin  of  the  hands  and  feet,  in  the  periosteum  of  some  bones,  in 
the  neighbourhood  of  tendons  and  ligaments,  in  the  connective  tissue 


Fig.  246. — Section  of  pacinian  coupuscle.  (Szymonowicz.) 

«,  one  of  the  layers  of  epithelioid  cells  ;  n,  nucleus  of  epithelioid  cell.  It  is  seen  that  the 
tunics  are  very  closely  packed  around  the  core,  in  the  middle  of  whicli  the  axial-fibre 
is  cut  across. 


at  the  back  of  the  abdomen,  and  (in  the  cat)  very  numerously  in  the 
mesentery,  where  they  are  most  easily  got  for  observation. 

A  simple  form  of  Pacinian  corpuscle  with  fewer  tunics  and  a  core  formed 
of  regularly  arranged  cells  occurs  in  birds  (corpjiscles  of  Herhst,  fig.  249). 

Although  most  of  the  nerve-endings  in  connective-tissue  structures 
are  enclosed  within  lamellated  capsules,  nerves  are  found  to  end  in 
some  situations  in  arborisations  between  the  bundles  of  connective- 
tissue  fibres.  This  has  been  shown  by  Dogiel  to  occur  in  intermuscular 
connective-tissue  septa  (fig.  250)  ;  and  in  serous  membranes  (fig.  251)  ;^ 
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in  the  latter  such  arborisations  may  be  quite  superficial  and  placed  just 
below  the  endothelium. 

Organs  of  Ruffini.— These,  which  resemble  long  cylindrical  end-bulbs, 
are  composed  of  connective-tissue  bundles,  within  which  the  axis- 
cylinders  of  the  nerves  ramify,  and  end  in  flattened  expansions.  They 
occur  commonly  in  the  subcutaneous  tissue  of  the  human  finger  (figs. 
252,  253).    Other  end-bulb-like  organs,  spheroidal,  oval,  or  cylindrical 


Fig.  247.— Part  of  pacinian  body,  showing  the  nerve-fibhe  entering 
THE  core.    From  an  osmic  acid  preparation. 

ms,  entering  nerve-fibre,  tlie  medullary  slieath  of  which  is  stained  darkly,  and  ends 
abruptly  at  the  core,  c  ;  ps,  prolongation  of  primitive  sheath  or  neurolemma  passing 
towards  the  outer  part  of  the  core ;  c./,  axis-cylinder  passing  through  the  core 
as  the  central  fibre ;  e,  some  of  the  inner  tunics  of  the  corpuscle,  enlarged  where 
they  abut  against  the  canal  through  which  the  nerve-fibre  passes — the  dots 
within  them  are  sections  of  the  fibres  of  which  they  are  composed ;  n,  nuclei 
of  the  tunics ;  n',  nuclei  of  the  ondoncui'ium-cells,  continued  by  others  in  the  outer 
part  of  the  core. 

in  form,  have  been  described  by  Rufiini  under  the  name  of  Golgi- 
Mazzoni  corpuscles  (fig.  254) ;  they  appear  to  be  varieties  of  the 
ordinary  end-bulb  of  W.  Krause.  They  occur  in  tendons  and  in  the 
subcutaneous  tissue  of  the  pulp  of  the  finger. 

Organs  of  Golgi.— A  special  mode  of  nerve-ending  is  met  with  in 
many  tendons,  near  the  points  of  attachment  of  the  muscular  fibres. 
The  tendon-bundles  become  somewhat  enlarged  and  split  into  a 
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Fig.  249. — Herbst  corpusclk  of  duck.    (Sobotta.)  x380. 

n,  medullated  nerve-fibre  ;  a,  its  axis-cylinder,  torniin.atiiig  in  an  enlargement  at  end 
of  core  ;  c,  nuclei  of  cells  of  core ;  <,  nuclei  of  cells  of  outer  tunics  ;  t',  inner  tunics. 
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Fig.  250.— Terminal  arborisation  from  the  intermusculak  connective 
tissue  of  the  rectus  abdominis  op  the  rabbit.    methylene  blue 

PREPARATION.     (Dogiel. ) 


a 


Fig.  251. — Terminal  .4rborisation  from  the  superficial  later  of  the 

PERITONEUM  OP  THE  RABBIT.     METHYLENE  BLUE  PREPARATION.  (Dogiel.) 

a,  medullated  fibre  ;  b,  fibre  connecting  the  arborisation  with  another  one 
not  here  represented. 


Fig.  252.— An  organ  op  ruffini  from  the  subcutaneous  tissue.  ( Ruffini. ) 
n,  entering  nerve-fibres ;  a,  a,  ending  of  their  axons  ;  c,  c,  capsule  of  organ  ;  c',  core. 
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number  of  smaller  fasciculi,  and  the  nerve-fibres— one,  two,  or  even 
more  in  number-pass  to  the  enlarged  part,  and  penetrating  between 
the  fasciculi  of  the  tendon  lose  their  medullary  sheaths,  while  the 
axis-cylinders  end  in  a  terminal  arborisation,  beset  with  irregular 


Fig.  253.— a  nerve-fibre  is  shown  dividing  into  seven  secondary  fibres 
TO  WHICH  ARE  ATTACHED  FIVE  ORGANS  OF  RDFFiNi.   (Barker,  after  Ruffini.) 


Fig.  254.— Organ  of  golgi-mazzoni  from  subcutaneous  tissue.  (RuflSni.) 
The  organ  resembles  an  end-bulb  in  general  structure. 

varicosities.  The  structure  (figs.  255,  256)  is  enclosed  within  a 
fibrous  capsule  continuous  with  the  areolar  tissue  covering  the  bundles 
of  the  tendon ;  and  between  the  capsule  and  the  organ  proper  is  a 
lymph-space,'  similar  to  that  which  is  found  in  the  muscle-spindle 
(see  p.  203). 
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Free  nerve-endings. —When  sensory  nerve-fibres  terminate  in 
epithelium,  they  generally  branch  once  or  twice  in  the  subepithelial 
connective  tissue  on  nearing  their  termination.  The  sheaths  of  the 
fibres  then  successively  become  lost,  first  the  connective  tissue  or 


Fig.  255.— Organ  of  golgi  from  the  human  tendo  aohillis.  Chloride 
OF  GOLD  preparation.  (Oiaccio.) 

m,  muscular  fibres  ;  {,  tendon-bundles  ;  G,  Golgi's  organ  ;  n,  two  nerve-fibres  passing  to  it. 


Fig.  2.56.— Organ  of  golgi,  more  highly  magnified.  (Ciaocio.) 

n,  entering  nerve-fibre  ;  H,  its  sheath  of  Henle  ;  a,  a,  ramification  of  axis-cylinders 
between  the  tendon-bundles. 


perineural  sheath,  then  the  medullary  sheath,  and  lastly  the  neuro- 
lemma, the  axis-cylinder  being  alone  continued  as  a  bundle  of  primitive 
fibrils.  This  branches,  and  with  the  ramifications  of  the  axis- 
cylinders  of  neighbouring  nerve-fibres  forms  a  primary  plexus.  From 
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the  primary  plexus  smaller  branches  come  off,  and  these  form  a 
secondary  plexus  nearer  the  surface,  generally  immediately  under 
the  epithelium  if  the  ending  is  in  a  membrane  covered  by  that  tissue. 
Finally,  from  the  secondary  plexus  nerve-fibres  proceed  and  form 
terminal  ramifications  amongst  the  tissue  cells  (fig.  257,  p,  h),  the 
actual  ending  being  generally  in  free  varicose  fibrils  (h).    This  mode 


.-.-.-^.\v.-...:V..v:-...  -^w^ 


Fig.  257.— Vertical  section  of  cornea  stained  with  chloride  of  gold. 

(Ranvier. ) 

u,  7-,  primary  plexus  in  connective  tissue  of  cornea  ;  a,  branch  passing  to  subepithelial 
plexus,  s  ;  p,  intra-epithelial  plexus  ;  b,  terminations  of  fibrils. 


Fig.  258. — Intra-epithelial  nerve-terminations  in  the  l.4rtnx. 
GoLGi  method.    (G.  lletzius.) 

On  the  left  the  epithelium  is  stratified  and  on  the  right  ciliated  columnar. 
n,  nerve-fibres  in  corium. 


of  ending  is  characteristically  seen  in  the  cornea  of  the  eye,  but  can 
also  be  rendered  evident  in  other  epithelia  (fig.  258). 

In  some  situations  the  nerve-fibrils  vi'ithin  a  stratified  epithelium 
terminate  in  flattened  or  crescentic  expansions  \yhich  lie  in  the  inter- 
stices of  the  deeper  epithelium  cells,  to  some  of  which  they  are  applied. 
These  expansions  are  known  as  iadile  disks ;  they  are  character- 
stically  developed  in  the  skin  of  the  pig's  snout  (fig.  259),  and  are  also 
found  in  the  outer  root  sheath  of  hairs  and  in  the  deeper  parts  of  the 
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epidermis  in  various  parts.  With  appropriate  treatment  it  may  be 
shown  that  they  consist  of  a  fine  network  of  neuro-fibrils. 


Fig.  259. — Ending  of  nerve  in  tactile  disks  in  the  pig's  snout. 

(Ranvier. ) 

11,  tnedullated  fibre  ;  m,  terminal  disks  or  menisci ;  e,  cells  of  the  Malpighian  layer  of  the 
epidermis  ;  o,  somewhat  modified  cell  to  which  a  tactile  disk  is  applied. 


11 


Fig.  260. — Ending  of  nkevb-fibees  in  musole-spindle.  (RufBni.) 

Three  intrafu.sal  muscle-fibres  are  shown,  n,  nervo-fibros  entering  spindle ;  a,  axis- 
cylinders  terminating  around  and  between  the  intrafusal  fibres  in  ring-like,  spiral, 
and  irregularly  ramified  endings. 
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Sensory  nerves  of  muscles.— The  sensory  nerves  of  muscles  end 
in   peculiar  organs   which  were   termed  by  Kiihne  muscle-spindles. 


/ 


Fig.  261. 


Fig.  262. 

Fig.  261. — Nerve-endings  upon  the  intuafus.il  muscle- 
fibres  OF  A  muscle-spindle  OF  THE  BABBIT  ;  MODERATKLV 
MAGNIFIED.     METHYLENE  BLUE  PHEPAR.\TION.      (Dogiel. ) 
a,  large  modulliitod  fibre  coming  off  from  "  spindle  "  nerve  and  passing 
to  end  in  an  annulo-spiral  termination  on  and  between  the  intra- 
fusal filjres  ;  b,  a  fine  nicduUatod  fibre  coming  off  from  the  same 
stem  and  dividing.    Its  branches,  c,  pass  towards  the  ends  of  the 
muscle-fibres  and  terminate  in  a  number  of  small  localised  fiower- 
spray-like  arborisations. 

Fig.  262.— An  annulo-spiral  ending  of  intrafusal  fibre  ; 

HIGHLY    magnified.       METHYLENE    BLUE  PREPARATION. 

(Dogiel.) 
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Their  structure  has  recently  been  specially  investigated  by  Euffini, 
Huber,  and  Dogiel,  and  also  by  Sherrington,  who  has  shown 
that  the  large  medullated  nerves  whicli  they  receive  (about  three 
or  four  such  fibres  entering  each  spindle  not  far  from  its  equator), 
are  derived  from  the  posterior  root-ganglia. 

The  muscle-spindle  is  a  fusiform  body,  from  0-75  to  4  mm.  long, 
and  from  0-08  to  02  mm.  in  diameter;  it  lies  parallel  with  the 
general  direction  of  the  fibres  of  a  muscle.  It  consists  of  a  lamellated 
connective-tissue  sheath  externally,  within  which  is  a  bundle  (intrafusal 


Fig.  263.  -Sensory  nekve  terminating  in  arborisations  around  the 
ENDS  OF  mdscle-fibres.    (CecchevelH. ) 


bundle)  of  from  two  to  twelve  peculiar  muscle-fibres.  These  form  an 
axial  mass  with  some  connective  tissue  and  the  nerve-fibres ;  between 
this  axial  bundle  and  the  sheath  is  a  lymphatic  periaxial  space,  bridged 
across  by  filaments  of  connective  tissue.  The  intrafusal  muscle-fibres 
are  somewhat  like  embryonic  fibres  in  appearance,  being  smaller  than 
the  ordinary  fibres  of  the  muscle  and  having  a  relatively  large  number 
of  nuclei  with  surrounding  protoplasm,  as  in  the  red  variety  of  muscle. 
At  the  proximal  end  of  the  spindle  they  are  usually  only  two  or  three 
in  number,  but  they  become  cleft  as  they  pass  through  it ;  at  the  distal 
end  they  may  terminate  in  tendon-bundles.  The  nerve-fibres  which 
pass  to  the  spindle  are  mostly  of  large  size;  they  divide  after  reaching 
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the  intrafusal  bundle,  but  retain  their  medullary  sheath  for  a  time, 
although  eventually  terminating  as  axis-cylinders  merely,  which  wind 
in  a  spiral  manner  around  the  intrafusal  muscle-fibres  (figs.  260,  261, 
262),  which  they  clasp  by  flattened  encircling  branches  (annub-spiral 
endings).  Other,  much  finer,  medullated  fibres  also  pass  to  the  spindle 
and  terminate  in  neighbouring  parts  of  the  intrafusal  bundles  in  flower- 
like or  plate-like  expansions  (fig.  261).  According  to  some  observers 
these  fine  fibres  are  prolonged  from  the  annulo-spiral  endings  of  the 
coarser  fibres ;  but  Dogiel  states  that  they  may  run  independently  to 
the  intrafusal  bundle.  No  motor  nerve-fibres  appear  to  pass  into  the 
spindles,  unless  the  fine  fibres  above  mentioned  are  to  be  so  regarded. 


ft  Mae 


Fig.  264. — Neuvk-ending  i.\  muscular  fibre  of  a  lizabd  (Lacerta  viridis). 

(Kiiline.) 

A,  end-platc  seen  edgeways  ;  B,  from  the  surface  ;  s,  s,  sarcolemma ;  p,  p,  expansion  of 
axis-cylinder.  In  B  the  expansion  of  tlie  .axis-cylinder  appears  as  a  clear  network 
branching  from  the  divisions  of  the  medullated  fibres. 


nor  do  the  muscle-fibres  of  the  spindle  undergo  atrojohy  on  section  of 
the  motor  nerve-roots,  as  is  the  case  eventually  with  the  ordinary 
muscle-fibres.  It  is  not  uncommon  to  find  two  or  three  spindles  close 
together  or  even  inclosed  in  a  common  sheath.  Muscle-spindles  are 
few  in  number  in  the  eye-muscles,  and  have  not  yet  been  found  in  the 
muscles  of  the  tongue,  but  otherwise  their  occurrence  is  general. 

In  the  frog  both  motor  and  sensory  nerves  may  terminate  in  and  between 
the  same  muscle-fibres,  but  at  different  parts  of  the  fibre.  It  is  not  known 
whether  the  muscle-fibres  of  the  spindles  also  receive  motor  nerves  in 
mammals. 

Another  kind  of  ending  of  sensory  fibres  in  muscle  has  been  described 
by  Ceccherelli,  in  the  form  of  an  arborisation  of  nerve-fibrils  around  the 
ends  of  the  muscle-fibres  which  are  inserted  into  tendon  (fig.  263). 
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Ending  of  motor-nerves.— The  motor-nerves  to  muscles  terminate  in 
fine  ramifications  of  the  axis-cylinder;  in  striated  (voluntary)  muscles 
the  ramification  is  localised  in  special  organs  termed  motor  end-organs,  or, 
less  correctly,  end-plates. 

In  voluntary  muscle,  the  nerves,  which  are  always  medullated, 
terminate,  as  just  stated,  in  special  end-organs  (figs.  264  to  266).  A 
medullated  fibre  will  branch  two  or  three  times  before  ending,  and  then 
each  branch  passes  straight  to  a  muscular  fibre.  Having  reached  this, 
the  neurolemma  of  the  nerve-fibre  is  continued  into  the  sarcolemma  of 
the  muscle,  the  medullary  sheath  stops  short,  and  the  axis-cylinder  ends 


Fig.  265. — Motok  kerve-kndings  in  the  abdominal  muscles  of  a  bat. 
Gold  PREPAKATiON.    Magnified  170  diameters.  (Szymonowicz.) 


in  a  close  terminal  ramification  with  varicose  expansions  upon  its 
branches.  This  ramification  is  embedded  in  a  layer  of  granular 
nucleated  protoplasm  {sole)  (fig.  266,  h),  probably  a  development  of  the 
sarcoplasm  of  the  muscle.  In  some  cases  the  ramification  is  restricted 
to  a  small  portion  of  the  muscular  fibre,  and  forms  with  the  granular 
bed  a  slight  prominence  {eminence  of  Doyhe).  This  is  the  case  in  insects 
and  mammals.  In  the  lizard  the  ramification  is  rather  more  extended 
than  in  mammals,  whilst  in  the  frog  it  is  spread  over  a  considerable 
length  of  the  fibre.  The  ramification  shows  a  fibrillar  structure,  which 
is  especially  evident  at  the  enlargements.  In  mammals  there  appears 
to  be  only  one  end-plate  to  each  fibre,  while  in  reptiles  there  may  be 
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several.  The  end-plate  is  covered,  externally  to  the  sarcolemma,  by  an 
expansion  of  the  sheath  of  Henle  of  the  nerve-fibre  (telolemma). 


n 


Fig.  266. — Motor  end-organ  of  a  lizard,  gold  preparation.  (Kuhne.) 

n,  nervo-fibre  dividing  as  it  approaches  the  end-organ  ;  j',  ramification  of  axis-cylinder 
upon,  6,  granular  bed  or  sole  of  the  end-organ  ;  m,  clear  substance  surrounding 
the  ramifications  of  the  axis-cylinder. 


c 


a 


Fig.  267.— Ending  op  nerve-fibrils  over  plain  muscle-cells. 
(Huber  and  de  Witt.) 

a,  fibrils  passing  to  their  termination  ;  b,  a  terminal  fibril  ;  c,  a  branch  passing 
to  another  muscle-cell ;  n,  nuclei  of  cells. 

In  involuntary  muscle,  both  plain  and  cardiac  (fig.  268),  the  nerve- 
fibres,  which  near  their  termination  are  entirely  non-medullated,  end  in 
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plexuses.  The  primary  plexuses  are  generally  furnished  with  ganglion- 
cells  in  abundance.  Such  gangliated  plexuses  are  best  developed  in 
connection  with  the  intestine.    From  the  cells  of  these  plexuses  other 


Fig.  268.— Ending  op  nervb-fibres  in  cardi.\c  muscle.  (Smirnow.) 

nerve-fibres  pass  which  form  secondary  plexuses  and  terminal  ramifica- 
tions amongst  the  contractile  fibre-cells,  to  the  surface  of  which  the 
endings  of  the  branches,  often  slightly  enlarged,  are  applied  (Huber 
and  de  Witt). 
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LESSON  XX. 
STRUCTURE  OF  THE  LARGER  BLOOD-VESSELS. 

1.  Sections  of  a  uiedium-sizecl  peripheral  artery  and  vein,  e.g.  popliteal  or 
radial.  In  this  preparation  the  limits  of  the  vascular  coats  can  be  well  seen 
and  also  the  differences  which  they  present  in  the  arteries  and  veins  respec- 
tively. The  sections  may  be  stained  with  hsenialum  and  eosin  or  with  orcein, 
and  mounted  in  dammar  or  xylol  balsam. 

2.  Mount  in  xylol  balsam  or  dammar  a  thin  slice  cut  from  the  inner 
surface  of  a  large  artery  which,  after  having  been  cut  open  longitudinally 
and  washed  with  distilled  water,  has  been  rinsed  with  nitrate  of  silver 
solution  and  then  with  distilled  water  and  exposed  for  a  minute  or  two  to 
sunlight.  It  should  then  be  hardened  in  alcohol,  or  it  may  be  exposed  in  this 
to  the  light.  This  preparation  will  show  the  outlines  of  Ihe  epithelium-cells 
which  line  the  vessel.    A  similar  preparation  may  be  made  from  a  large  vein. 

3.  A  piece  of  an  artery  which  has  been  macerated  for  some  days  in  33  per 
cent,  alcohol  is  to  be  teased  so  as  to  isolate  some  of  the  muscular  cells  of  the 
middle  coat  and  portions  of  the  elastic  layers  (networks  and  fenestrated 
membranes)  of  the  inner  and  middle  coats.  The  tissue  may  be  stained 
cautiously  with  diluted  hsemalum,  and  glycerine  afterwards  added.  The 
muscular  cells  are  recognisable  by  their  irregular  outline  and  long  rod- 
shaped  nuclei.  Sketch  one  or  two  and  also  a  jDiece  of  the  elastic  network  or 
of  fenestrated  membrane.  The  fenestrated  membrane  is  best  obtained  fi'om 
one  of  the  arteries  of  the  base  of  the  brain  ;  it  is  also  well  seen  in  the  arteries 
within  the  kidney. 

4.  Transverse  sections  of  aorta  and  carotid.  Notice  the  differences  in 
structure  between  these  and  the  section  of  the  smaller  artery. 

5.  Transverse  section  of  vena  cava  inferior.  Notice  the  comparatively 
thin  layer  of  circular  muscle,  and  outside  this  the  thick  layer  of  longitudinal 
muscular  bundles  in  the  adventitia. 

Make  sketches  from  1,  4,  and  5  under  a  low  power,  from  2  and  3  under  a 
high  power. 


An  artery  is  usually  described  as  being  composed  of  three  coats,  an 
inner  or  elastic,  a  middle  or  muscular,  and  an  external  or  areolar  (figs. 
269,  270,  &,  c,  d).  It  is,  however,  more  correct  to  describe  the  wall  of 
an  artery  as  being  mainly  composed  of  muscular  and  elastic  tissue,  lined 
internally  by  a  pavement  epithelium  {endothelium),  and  strengthened 
externally  by  a  layer  of  connective  tissue  {adventitia). 

The  inner  coat  {tunica  intima)  is  lined  by  a  thin  layer  of  jMvement 
epithelium  {endothelium),  the  cells  of  which  are  somewhat  elongated 
in  the  direction  of  the  axis  of  the  vessel  (fig.  271),  and  form  a  smooth 
lining  to  the  tube.    After  death  they  become  easily  detached. 
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The  endothelium  is  the  essential  layer  in  all  blood-vessels.  It  is  alway.s 
the  first  part  to  be  developed,  and  in  some  it  remains  as  the  only  layer  of 
the  vessel.  This  is  the  case  with  all  true  capillaries  and  with  certain  veins, 
and  also  with  the  lacunar  spaces  or  simisoids,  which,  as  Minot  has  pointed 
out,  take  the  place  of  capillaries  in  certain  parts  {e.g.  in  the  liver,  the 


Fig.  269.— Section  of  renal  artery  of  dog.    (G.  Mann.)   Low  power 

photograph. 

The  elastic  layer  of  the  thin  inner  coat  is  thrown  into  corrugations  by  the  post-mortem 
contraction  of  the  middle  coat.  The  distinction  between  middle  coat  and  adventitia 
is  well  shown.  Some  branches  of  the  renal  nerves  are  seen,  cut  across,  in  the  tissue 
around  the  artery. 


Fig.  270. — Transverse  section  of  part  of  the  wall  of  the  posterior 
TIBIAL  artery.    75  diameters. 

a,  epithelial  and  subepithelial  layers  of  inner  coat;  h,  elastic  layer  (fenestrated  mem- 
brane) of  inner  coat,  appearing  as  a  bright  line  in  section  ;  c,  muscular  layer  (middle 
coat) ;  d,  outer  coat,  consisting  of  connective-tissue  bundles.  In  the  interstices  of 
the  bundles  are  some  connective-tissue  nuclei,  and,  especially  near  the  muscular 
coat,  a  number  of  elastic  fibres  cut  across. 

■medulla  of  the  suprarenal  capsules  and  the  Wolffian  body  of  the  embryo)  ; 
it  is  also  true  of  the  sinuses  of  erectile  tissue,  as  well  as  the  sinus-like 
blood-vessels  which  are  met  with  in  invertebrates.  In  some  structures  the 
endothelial  layer  of  the  blood-vessels  is  imperfect,  viz. :  in  the  capillaries  and 
blood-sinuses  of  the  spleen,  the  pla(;ental  mucous  nieuil)rane  of  the  pregnant 
uterus,  and  probably  the  sinusoids  (capillaries)  of  the  liver  ;  in  these  places 
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Next  to  the  endothelium  comes  an  elastic  layer  in  the  form  either  of 
elastic  networks  (fig.  273)  or  of  a  fenestrated  membrane  (fig.  272).  In 


Fig.  271.— Epithelial  later  lining 
the  posterior  tibial  artery.  250 
diameters. 


Fig.  272. — Portion  of  fenestrated 
membrane  of  henle  from  an  ahtert. 
(Toldt.) 


Fie.  273.— Elastic  network  of  artery. 
(Toldt.) 


Fig.  271. — Muscular  fibre-cells  from 
SUPERIOR  thyroid  ARTERY.  340  dia- 
meters. 


some  arteries  there  is  a  layer  of  fine  connective  tissue  intervening 
between  the  epithelium  and  the  fenestrated  membrane  (subepithelial 
layer). 

The  middle  coat  (tunica  media)  consists  mainly  of  circularly  disposed 
plain  muscular  fibres,  but  it  is  also  pervaded  in  most  arteries  by  a 
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network  of  elastic  fibres  wliich  are  connected  with  the  fenestrated 
membrane  of  the  inner  coat  and  are  sometimes  almost  as  much 
developed  as  the  muscular  tissue  itself.  This  is  especially  the  case 
with  the  larger  arteries,  such  as  the  aorta  and  the  carotid  and  its 
immediate  branches,  but  in  the  smaller  arteries  of  the  limbs  the 
middle  coat  is  composed  almost  purely  of  muscular  tissue.  The 
muscular  fibres  are  comparatively  short,  with  long  rod-shaped  nuclei, 


intima 


adventitia 


Fig.  275.— Section  of  the  lingual  artery.  (Griinstein.) 

a,  epithelium  and  subepithelial  layer  of  inner  coat;  6,  its  elastic  layer;  c,  c,  d,  inner- 
most and  outermost  layers  of  middle  coat,  with  elastic  fibres  passing  obliquely  to 
join  the  clastic  layers  which  bound  that  coat;  e,  innermost  part  of  outer  coat  or 
adventitia,  showing  many  elastic  fibres  cut  across  ;  /,  outer  part  of  adventitia. 


and  are  often  irregular  in  shape  (as  in  fig.  274),  especially  if  the 
middle  coat  contains  much  elastic  tissue. 

The  outer  coat  is  formed  of  connective  tissue  with  a  good  many 
elastic  fibres,  especially  next  to  the  middle  coat.  The  strength  of  an 
artery  depends  largely  upon  this  coat ;  it  is  far  less  easily  cut  or  torn 
than  the  other  coats,  and  it  serves  to  resist  undue  expansion  of  the 
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vessel.  Its  outer  limit  is  not  sharply  marked,  for  it  tends  to  blend 
with  the  surrounding  connective  tissue;  hence  it  has  been  termed 
tunica  adventitia. 

Variations  in  structure. -The  aorta  (figs.  276,  277)  differs  in  some  respects 
in  structure  tiom  an  ordinary  artery.  Its  inner  coat  contains  a  considerable 
thickness  ot  subepithehal  connective  tissue,  but  the  elastic  layers  of  this 
coat  are  chiefly  composed  of  fine  fibres,  and  are  not  especially  marked  off 
1         J  middle  coat,  so  that  the  inner  and  middle  coats  appear 

blended  with  one  another.  On  the  other  hand,  there  is  a  very  great  devehn,- 
ment  of  elastic  tissue  in  the  middle  coat,  forming  membranous  layers  whicli 
alternate  with  layers  of  the  muscular  tissue.    A  good  deal  of  connective 


Fig.  276. — Section  of  thoracic  aorta  as  seen  under  a  low  power.  (Toldt.) 

a,  the  inner  coat  consisting  of  three  layers,  viz. :  1.  Epithelium  seen  as  a  fine  line. 
2.  Subepithelial  layer.  3.  Elastic  layers.  In  the  outer  part  of  the  inner  coat,  at  its 
junction  with  the  middle,  a  layer  of  longitudinal  muscular  fibres  is  represented  as 
cut  across.  6,  middle  coat  with  alternating  layers  of  muscle  and  elastic  membranes  ; 
c,  outer  coat  with  two  vasa  vasorum. 


tissue  also  takes  part  in  the  formation  of  the  middle  coat,  making  this  coat 
unusually  strong.  The  inner  and  middle  coats  constitute  almost  the  entire 
thickness  of  the  wall,  the  outer  coat  being  relatively  thin. 

The  other  variations  which  occur  in  the  arterial  system  have  reference 
chiefly  to  the  development  and  arrangement  of  the  muscular  tissue.  Thus  in 
many  of  the  larger  arteries  there  are  a  few  longitudinal  muscular  fibres  at 
the  inner  boundary  of  the  middle  coat,  and  in  some  arteries  amongst  the 
circular  fibres  of  the  middle  coat.  This  is  the  case  in  the  aorta.  In  the 
part  of  the  umbilical  arteries  within  the  umbilical  cord  there  is  a  complete 
layer  of  longitudinal  fibres  internal  to  the  circular  fibres  and  another 
external  to  them,  whilst  the  amount  of  elastic  tissue  is  very  small.  Longi- 
tudinal fibres  are  also  present  in  some  other  arteries  (iliac,  .superior 
mesenteric,  splenic,  renal,  etc.),  external  to  the  circular  fibres,  and  therefore 
in  the  outer  coat  of  the  artery. 
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The  veins  (fig.  278)  on  the  whole  resemble  the  arteries  in  structure, 
but  they  present  certain  differences.  In  the  internal  coat  the  same 
la3'^ers  may  be  present,  but  the  elastic  tissue  is  less  developed,  and 


Fig.  277.— Section  of  aorta  more  magnified.  (Griinstein.) 

«,  epithelial  and  subepithelial  layers  of  inner  ooat;  b,  c,  outer  layers  of  inner  coat 
containing  many  fine  elastic  fibres ;  d,  e,  parts  of  outer  coat. 
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Fig.  278. — Tranbvekse  section  of  part  of  the  wall  op  one  of  the 
POSTERIOR  TIBIAL  VEINS  (man).    About  200  diameters. 
a,  epithelial,  and  b,  subepithelial  layers  of  inner  coat ;  c,  middle  coat  consisting  of 
irregular  layers  of  muscular  tissue,  alternating  with  connective  tissue,  and  passing 
somewhat  gradually  into  the  outer  connective  tissue  and  clastic  coat,  d. 


Fig.  279. — Transverse  section  op  the  inferior  vena  cava  of  the  dog. 

(Szymonowicz.)    Magnified  150  diameters. 
a,  intirna;  b,  thin  layer  of  circular  muscle;  r,  thick  advcntitia  with  longitudinal 
muscular  bundles ;  d,  a  vas  vasis. 
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may  be  quite  inconspicuous;  it  seldom  takes  the  form  of  a  complete 
membrane.  The  epithelium  cells  are  less  elongated  than  those  of  the 
arteries.  The  middle  coat  (c)  contains  less  elastic  tissue  and  also  much 
less  muscular  tissue,  being  partly  occupied  by  bundles  of  white 
connective-tissue  fibres.  These  are  continuous  with  those  of  the 
external  coat,  which  is  relatively  better  developed  in  the  veins  than 
in  the  arteries,  so  that,  although  thinner,  their  walls  are  often 
stronger. 

Many  of  the  veins  are  provided  with  valves,  which  are  crescentic 
folds  of  the  internal  coat  strengthened  by  a  little  fibrous  tissue : 
a  few  muscular  fibres  may  be  found  in  the  valve  near  its  attachment. 
The  layer  of  the  inner  coat  is  rather  thicker  and  the  epithelium-cells 
are  more  elongated  on  the  side  which  is  subject  to  friction  from  the 
current  of  blood  than  on  that  which  is  turned  towards  the  wall  of 
the  vessel. 

Variations  in  different  veins. — The  veins  vary  in  structure  more  than  do 
the  arteries.  In  many  veins  longitudinal  mu.scular  fibres  are  found  in  the 
inner  part  of  the  middle  coat,  as  in  the  iliac,  femoral,  umbilical ;  the 
umbilical  vein  within  the  umbilical  cord  having  three  muscular  layers  like 
the  corresponding  arteries  ;  it  has  a  well-developed  internal  elastic  layer. 
In  other  veins,  longitudinal  fibres  occur  external  to  the  circularly  disposed 
fibres,  and  may  be  described  as  belonging  to  the.  outer  coat.  This  is  the 
case  with  the  abdominal  and  especially  the  hepatic  portions  of  the  inferior 
vena  cava  (fig.  279),  and  to  a  less  extent  with  the  hepatic  veins  and  the  portal 
vein  and  its  tributaries.  In  the  superior  vena  cava,  in  the  upper  part  of  the 
inferior  vena  cava  and  in  the  jugular,  subclavian  and  innominate  veins 
muscular  fibres  are  almost  entirely  absent  in  the  middle  coat,  and  there  are 
but  few  in  the  adventitia.  The  veins  of  the  pia  mater,  brain  and  spinal 
cord,  retina,  and  bones,  and  the  venous  sinuses  of  the  dura  mater  and 
placenta  have  no  muscular  tissue. 

It  is  only  the  larger  veins,  especially  those  of  the  limbs,  that  possess 
valves.  They  are  wanting  in  most  of  the  veins  of  the  viscera  (although 
occurring  abundantly  in  some  of  the  tributaries  of  the  portal  vein)  in  those 
within  the  cranium  and  vertebral  canal,  in  the  veins  of  the  bones,  and  in 
the  umbilical  vein. 
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LESSON  XXI. 

SMALLER  BLOOD-VESSELS  AND  LYMPH-VESSELS.  SEROUS 
MEMBRANES.  MICROSCOPIC  STUDY  OF  THE  CIRCULA- 
TION.   DEVELOPMENT  OF  BLOOD-VESSELS. 

1.  Taxe  a  piece  of  pia  luater  which  has  been  fixed  with  2  per  cent,  bichromate 
of  potassium  and  stained  with  hcematoxylin,  and  separate  from  it  some  of  the 
small  blood-vessels  of  which  it  is  chiefly  composed.  Mount  the  shreds  in 
dilute  glycerine,  or  after  dehydrating  with  alcohol  and  passing  through  clove 
oil  they  can  be  mounted  in  dammar  or  xylol  balsam.  The  structure  of  the 
small  arteries  can  be  studied  in  this  preparation,  the  nuclei  of  the  epithelium 
and  of  the  muscular  coat  being  brought  distinctly  into  view  by  the  stain. 
The  veins  of  the  pia  mater  possess  no  muscular  tissue.  Capillary  vessels, 
which  have  been  dragged  out  from  the  braiii  in  removing  the  pia  mater 
may  also  be  seen  in  this  preparation.  Sketch  two  small  arteries  of  different 
sizes,  giving  also  their  measurements. 

2.  Mount  in  dammar  or  xylol  balsam  a  piece  of  the  omentum  of  the 
i-abbit,  stained  with  silver  niti-ate.  The  membrane  should  be  stretched  over 
a  cork  or  a  ring  of  wood  or  vulcanite.  Or  it  may  conveniently  be  fixed  by 
s^jreading  it  over  a  glass  plate,  and  having  brought  its  margins  I'ound  the 
edges  of  the  plate,  place  another  plate  of  the  same  size  at  the  back,  and  bind 
the  plates  together  by  a  coujile  of  rubber  bands  ;  the  exposed  surface  can 
then  be  treated  in  the  following  way  :  Einse  with  distilled  water,  cover  for 
five  minutes  with  1  per  cent,  niti'ate  of  silver  solution,  again  wash  with  water 
and  expose  to  sunlight.  When  slightly  stained,  the  prepai'ation  is  removed 
from  the  light,  placed  in  spirit,  and  afterwards  transferred  to  clove-oil.  Pieces 
may  now  be  cut  ofi'  from  the  membrane,  spread  fiat  on  a  slide,  and  mounted 
in  balsam  or  dammar  ;  they  should  include  one  or  more  blood-vessels. 

This  preparation  is  intended  to  show  the  epithelium  of  the  smaller  blood- 
vessels and  accompanying  l^'mphatics,  and  also  the  epithelium  of  the  serous 
membrane.    Sketch  a  small  piece  showing  the  epithelium  of  the  vessels. 

3.  Mount  in  balsam  or  dammar  a  piece  of  the  central  tendon  of  the  rabbit's- 
diaphiagm  which  has  been  prepared  M'ith  silver  nitrate,  the  pleural  surface 
having  been  first  brushed  to  remove  the  superficial  epithelium  and  thus 
enable  the  nitrate  of  silver  more  readily  to  penetrate  to  the  network  of 
underlying  lymphatic  vessels.  Observe  the  lymphatic  plexus  under  a  low 
power';  sketch  a  portion  of  the  network.  If  the  peritoneal  surface  ia 
focussed,  the  epithelium  which  covers  that  surface  will  be  seen,  and  oppo- 
site the  clefts  between  the  radially  disposed  tendon-bundles  stomata  may 
be  looked  for  in  this  epithelium. 

4.  Examine  sections  of  the  thoracic  duct.  These  may  be  made  in  the 
same  way  as  sections  of  the  blood-vessels. 

5.  Stomata.— Open  the  abdomen  of  a  freshly  killed  frog,  preferably  a 
male,  and  remove  the  abdominal  viscera,  taking  care  not  to  injure  the 
membrane  or  septum  at  the  back  of  the  abdou)en,  which  lies  over  and 
between  the  kidneys  and  separates  the  peritoneal  cavity  from  the  ciMerna 
lymphatica  magna,  a  large  lymph-space  in  which  the  aorta  and  vena  cava  are 
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contained.  Cut  out  the  kidneys  along  with  as  much  as-  po.ssible  of  the  above 
septum-;  rinse  with  distilled  water;  and  place  in  a  watch-glass  of  1  per  cent 
silver  nitrate  for  5  minutes.  Rinse  again  in  distilled  water  and  expose  in 
tap  water  to  the  light.  When  slightly  browned  snip  off  a  portion  ot  the 
membranous  septum,  float  it  flat  on  a  slide,  drain  oti  the  superfluous  water 
and  allow  it  to  dry  ;  then  add  a  drop  of  xylol  balsam  or  dammar  and  cover 
the  preparation. 

6  Kill  a  frocr  by  destroying  the  brain  and  study  the  circulation  of  the 
blood  in  the  mesentery.  It  can  also  be  studied  in  the  web  of  the  frog  s  foot, 
and  in  the  luno-  and  tongue  of  the  frog  or  toad,  or  in  the  tail  ot  the  tadpole 
or  of  any  small  flsli.  But  for  observing  the  phenomena  attending  cora- 
mencino-  inflammation  and  the  emigration  of  leucocytes  from  the  vessels 
the  mesentery  is  the  most  convenient  object.    The  frog  can  be  immobilised 


Fig.  280.— Method  of  studying  the  circulation  in  the  feog's  mesentery. 

(Ranvier.) 

L,  cork  or  glass  plate ;  B,  perforated  cork,  the  ajjerture  in  which  is  closed  by  a  circular 
glass  cover  (not  too  thin) ;  M,  mesentery  laid  over  glass.  The  brain  is  destroyed  and 
the  animal  then  immobilised  with  curari. 

with  curari  or  by  placing  it  in  water  in  which  chloroform  or  ether  has  been 
shaken  up  :  a  lateral  incision  is  made  in  the  abdominal  wall,  a  loop  of 
intestine  drawn  out,  and  laid  over  a  ring  of  cork  which  is  fixed  to  a  glass 
plate  and  covered  with  a  thin  piece  of  glass  (fig.  280).  The  membrane  must 
be  kept  wet  with  salt  solution. ^ 

7.  The  arrangement  of  the  blood-vessels  in  the  various  tissues  and  organs 
are  studied  in  injected  preparations  (see  Appendix). 


The  coats  of  the  small  arteries  and  veins  are  much  simpler  in 
structure  than  those  of  the  larger  vessels,  but  they  contain  at  first  all 

^  For  details  of  tlio  methods  of  studying  th'j  circulation  see  A  Course  of 
Practical  Histology. 
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the  same  elements.  Thus  there  is  a  lining  endothelium  and  an  elastic 
layer,  the  two  together  forming  an  inner  coat;  a  middle  coat  of  circularly 
disposed  plain  muscular  tissue;  and  a  thin  adventitia.  The  same 
differences  are  found  between  the  smaller  arteries  and  veins  as  with 
the  larger,  the  walls  of  the  veins  being  thinner  and  containing  far  less 
muscular  tissue  (fig.  281),  and  the  lining  epithelium-cells,  much 
elongated  in  both  vessels,  are  far  longer  and  narrower  in  the  small 
arteries  than  in  the  corresponding  veins  (fig,  282). 

In  the  smallest  vessels  it  will  be  found  that  the  clastic  layer  has 
entirely  disappeared  in  the  veins,  and  the  muscular  tissue  is  consider- 
ably reduced  in  thickness  in  both  kinds  of  vessel.    Indeed,  it  is  soon 


Fig.  281. — Transverse  section  of  a  shall  artery  and  vein. 
Magnified  250  diameters. 

represented  by  but  a  single  layer  of  contractile  cells,  and  even  these 
no  longer  form  a  complete  layer.  By  this  time  also,  the  outer  coat 
as  well  as  the  elastic  layer  of  the  inner  coat  have  disappeared  both 
from  arteries  and  veins.  The  vessels  are  reduced,  therefore,  to  the 
condition  of  a  tube  formed  of  pavement-epithelium  cells,  with  a  partial 
covering  of  circularly  disposed  muscular  cells. 

Even  in  the  smallest  vessels,  which  are  not  capillaries,  the  diff"erences 
between  arteries  and  veins  are  still  manifested.  These  diff'erences  may 
be  enumerated  as  follows  :  The  veins  are  larger  than  the  correspond- 
ing arteries ;  they  branch  at  less  acute  angles ;  their  muscular  cells  are 
fewer,  and  their  epithelium  cells  less  elongated ;  the  elastic  layer  of 
the  inner  coat  is  always  less  marked,  and  sooner  disappears  as  the 
vessels  become  smaller.. 
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Capillary  vessels.— When  traced  to  their  smallest  branches  the 
arteries  and  veins  eventually  are  seen  to  be  continued  into  a  network 
of  the  smallest  blood-vessels  or  capillaries.  The  walls  of  these  are 
composed  only  of  flattened  epithelium-cells  (fig.  284)  continuous  with 


Fig.  282. — A  small  artery,  A,  and  vein,  V,  from  the  suboutaneods  con- 
nective TISSUE  OF  THE  RAT,  TREATED  WITH  NITRATE  OF  SILVER,  WITH 

SUBSEQUENT  STAINING  OF  NUCLEI.    175  diameters. 

a,  a,  eirithelial  cells  with  b,  b  their  nuclei;  m,  m,  transverse  markings  due  to  staining 
of  substance  between  the  muscular  fibre-cells ;  c,  c,  nuclei  of  connective-tissue 
corpuscles  attached  to  exterior  of  vessel. 

those  that  line  the  arteries  and  veins ;  these  cells  can  be  exhibited  by 
staining  a  tissue  with  nitrate  of  silver.  The  cell-outlines  are  not 
shown  in  developing  capillaries;  in  these,  silver  nitrate  stains  the  whole 
wall.    This  is  the  case  also  with  the  capillaries  of  the  villi,  those  of 
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the  choroid  coat  of  the  eye  (Eberth),  and  those  of  the  kidney-glomeruli 
(Ranvier) :  in  all  these  places  the  walls  are  formed  of  a  syncytium. 

The  capillaries  vary  somewhat  in  size  and  in  the  closeness  of  their 
meshes ;  their  arrangement  in  different  parts,  which  is  mainly  deter- 
mined by  the  disposition  of  the  tissue-elements,  may  best  be  studied 
in  injected  preparations,  and  will  be  described  when  the  structure 
of  the  several  organs  is  considered. 

Usually  the  arterioles  pass  gradually  into  the  capillary  network  and  the 
capillai'ies  unite  to  form  small  veins  which,  on  receiving  others,  gradually 


Fig.  283. — Third  thoracic  sympathetic  ganglion  of  rabbit  injected. 

(Ranvier.) 

a,  arterioles  ;  b,  c,  capillaries  ;  V,  sinus-like  veins. 


increase  in  size.  But  in  certain  situations  the  arrangement  is  different. 
Thus  in  the  spleen  the  arterial  capillaries  haA^e  imperfect  walls  and  the  blood 
passes  into  the  interstices  of  the  reticular  tissue  of  the  organ,  from  which  it 
is  collected  by  sinus-like  veins  which  also  have  incomplete  walls.  In  erectile 
tissues  the  arterioles  open,  without  the  medium  of  capillaries,  into  large 
cavernous  spaces  bounded  by  fibrous  and  plain  muscular  tissues  and  lined  by 
epithelium  :  the  veins  lead  out  of  these  spaces,  so  that  there  are  no  true 
capillaries,  except  such  as  are  distributed  to  the  tissues  which  form  the  walls 
of  the  spaces.  In  the  sympathetic  ganglia,  as  shown  by  Eanvier  (fig.  283)  the 
capillaries  open  abruptly  into  large  sinus-like  venules.  And  in  the  liver 
and  a  few  other  organs,  as  will  presently  be  explained,  the  connection 
between  afferent  and  efferent  vessels  is  effected,  not  by  ti'ue  capillaries,  but 
by  sinus-like  spaces  between  the  tissue  elements  ("sinusoids"  of  Minot). 
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In  the  tT-ansparent  parts  of  animals,  the  blood  may  be  seen  flowing 
through  the  capillary  network  from  the  arteries  into  the  veins.  The 
current  is  very  rapid  in  the  small  arteries,  somewhat  less  rapid  in  the 
veins,  and  slow  in  the  capillaries.  The  current  is  fastest  in  the  centre 
of  the  vessels,  slowest  near  the  wall  (inert  layer).  In  this  layer  the 
leucocytes  are  carried  along  by  the  stream  and  may  be  observed — 
especially  where  there  is  commencing  inflammation  of  the  part,  as  in 
the  mesentery  in  consequence  of  exposure — to  adhere  to  the  inner 
surface  of  the  blood-vessels,  and  here  and  there  to  pass  through  the 
coats  of  the  small  vessels,  and  appear  as  migratory  cells  in  the  surround- 
ing connective  tissue  (fig.  285).    The  blood-platelets  are  also  to  be 


Fig.  284.— Capillart  vessels  from 
the  bladder  of  the  cat,  mag- 
NIFIED. 

The  outlines  of  the  cells  are  stained  by 
nitrate  of  silver. 


Fig.  285.— Blood  flowing   through  a 

SMALL  VEIN  OP  THE  FHOG'S  MESENTERY. 

Tho  mesentery  had  been  exposed  for  a  short  time, 
so  that  there  was  commencing  inilammation 
and  many  of  the  white  corpuscles  are  observed 
sticking  to  and  even  passing  through  the  vas- 
cular wall,  a,  central  rapid  layer  containing 
the  coloured  corpuscles  ;  b,  outer  slower  layer 
(inert  layer)  containing  the  white  corpuscles. 


seen  in  the  inert  layer,  and  show  a  tendency  to  adhere  to  the 
wall  and  to  one  another  in  commencing  inflammation. 

Vessels  and  nerves  of  the  blood-vessels.  —The  larger  arteries  and  veins 

possess  blood-vessels  {vasa  vasorum)  and  lymphatics,  both  of  which  ramify 
chiefly  in  the  external  coat.    Nerves  are  distributed  to  the  muscular  tissue 
I     of  the  middle  coat,  after  forming  a  plexus  in  the  outer  coat.    Most  of  the 
I     nerves  are  non-medullated.    But  there  are  a  certain  number  of  medullated 
I     fibres    intermingled   with   the  non-medullated  and   passing  to  end  in 
!     localised  arborescences  (fig.  286)  partly  in  the  adventitia,  partly  in  the 
'     intima.    These  medullated  fibres  are  doubtless  afferent ;  the  majority  of 
the  non-medullated  are  probably  efierent  (vaso-motors).    In  the  aorta  of 
man  and  in  some  of  the  larger  trunks  Pacinian  corpuscles  are  here  and 
there  met  with  in  the  adventitia.    The  capillary  vessels  also  receive 
nerve-fibres,  which  form  a  fine  plexus  of  fibrils  in  close  contact  with  tlie 
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cPlk  nlf  r""'?"'.  ^^^^^  «^  ^^'^^^^  ^^-^  composed.  Small 

cells  are  found  at  intervals  in  connection  with  these  plexuses  (fig.  287)  bu 
whether  they  are  of  the  nature  of  nerve  cells  or  not  is  uncertain 


Fig.  286.— Ending  of  sensoky  nerve-fibres  in  arborescencks  in  the 

WALL  OF  A  SMALL  ARTERY.  (Dogiel.) 

The  endothelium-cells  of  the  vessel  are  outHned  by  dotted  Hues  and  the  outlines 
of  the  muscular  fibres  are  faintly  indicated. 


Fig.  287.— Ending  of  nerve-fibeils  on  capillary  vessels.  (Dogiel.) 


Development  of  the  blood-vessels. — The  blood-vessels  are  developed 
in  the  connective  tissue  or  in  the  mesenchyme  which  precedes  it,  the 
first  vessels  being  formed  in  the  vascular  area  which  surrounds  the 
early  embryo.  Their  development  may  be  studied  in  the  embryo 
chick  or  mammal,  in  the  omentum  of  the  new-born  rabbit,  or  in 
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the  serous  membranes  and  subcutaneous  connective  tissue  of  foetal 
animals.  The  cells  which  are  to  form  the  vessels  (vasoformative  cells) 
branch  and  unite  with  one  another  to  form  a  syncytium,  and  cavities 
form  in  this  and  extend  into  the  branches.  In  the  meantime  the 
nuclei  mutiply  and  become  distributed  along  the  branches,  cell-areas 
being  at  a  latter  stage  marked  out  around  the  nuclei.  In  this  way 
intercommunicating  vessels— capillaries  in  which  blood-corpuscles  have 
become  also  developed  (see  page  42)— are  produced  (fig.  288).  These 
presently  become  connected  with  previously  formed  vessels,  which 
extend  themselves  by  sending  out  sprouts,  at  first  solid,  and  afterwards 
hollowed  out.  Even  the  larger  blood-vessels  appear  first  to  be 
developed  in  the  same  way  as  the  capillaries,  in  so  far  that  the 


Fig.  288. — Isolated  capillary  network  formed  by  the  junction  of 
a  hollowed-otjt  syncytium,  containing  coloured  blood-corpuscles 
in  a  clear  fluid. 

c,  a  hollow  cell  the  cavity  of  which  does  not  yet  communicate  with  the  network; 
p,  TP,  pointed  cell  processes,  extending  in  different  directions  for  union  with  neigh- 
bouring capillaries. 

epithelium  is  first  formed  and  the  muscular  and  other  tissues  are 
subsequently  added ;  but  whether  they  are  formed  as  clefts  in  the 
mesoblastic  tissue,  which  become  bounded  by  flattened  cells,  or 
whether  as  a  hollowed-out  syncytium  has  not  been  definitely  ascer- 
tained. 

Many  authors  consider  that  new  blood-vessels  are  exclusively  formed  by 
sprouts  from  pre-existing  vessels,  and  regard  the  appearances  above  described 
as  being  due  to  retrogressive  development  of  an  already  formed  vascular  net- 
work (see  p.  43). 

Sinusoids. — These  are  sinus-like  blood-spaces  between  the  cells  of  a 
tissue,  which  may  when  fully  developed  bear  a  superficial  resemblance 
to  blood-capillaries,  but  which  differ  essentially  from  them  both  in  their 
mode  of  development  and  in  their  relationship  to  the  connective  tissue, 
as  well  as  to  the  tissue-elements  of  the  organs  in  which  they  occur. 
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Whereas  capillary  blood-vessels  are  developed  amongst  and  between 
the  tissue-elements  and  are  connected  with  and  grow  from  neighbouring 
capillaries  which  are  themselves  surrounded  by  areolar  tissue,  sinusoids 


vex 
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Fig.  289. — Diagram  to  illustrate  the  development  of  BLOOD-CAPiLLAKrEs 
(right  side),  and  sinusoids  (left  side)  respectively.    (F.  T.  Lewis.) 

Ini,  intestinal  entoderm  with  outgrowth  on  the  left  to  form  the  liver  and  gall-bladder, 
and  on  the  right  to  form  the  pancreas.  V.C.I. ,  vena  cava  inferior;  V.  P.,  vena  portse ; 
v.,  vein  and  Ar,  artery  supplying  pancreas.  It  is  seen  that  the  sinusoids  or  apparent 
capillaries  of  the  liver  are  formed  by  the  breaking  up  of  a  large  blood-space  into 
channels  by  the  growth  into  it  of  cell-columns  derived  from  the  hepatic  outgrowth  of 
the  entoderm. 


Fig.  290.— Section  of  the  developing  liver,  to  show  how  the  hepatic 

CYLINDERS  ENCROACH  ON  THE  LUMINA  OF  THE  SINUS-LIKE  VEINS  TO  BREAK 
THEM    UP   ULTIMATELY    INTO    C.APILLARY-LIKK    CHANNELS    CALLED  SINU.SOIDS. 

(Minot.) 

h.c,  hepatic  cylinders  ;  si,  sinusoids. 

make  their  first  appearance  in  the  form  of  comparatively  large  blood- 
spaces  connected  Avith  the  venous  (or  arterial)  system.  Into  these, 
the  walls  of  which  are  formed  only  of  a  single  layer  of  endothelial 
cells,  the  tissue-elements  of  the  developing  organ  (Wolffian  body, 
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liver,  suprarenals,  blood-glands,  etc..)  grow,  invaginating  the  thin  wall 
and  forming  cell-trabeculfe  within  the  sinus  (figs.  --'89,  290),  so  that 
the  cells  of  the  organ  are  directly  in  contact  with  the  invaginated 
endothelium,  and  are  only  separated  by  this  from  the  blood  contained 
within  the  sinus.  But  the  connection  may  become  yet  closer  than 
this,  for,  as  happens  in  the  liver,  the  invaginated  endothelium  may 
become  defective,  so  that  the  blood  within  the  sinus  comes  into 
actual  contact  with  the  cells  of  the  organ,  and  runs  into  the 
interstices  between  them.  As  development  proceeds  these  interstices 
may  come  to  resemble  blood-capillaries  in  general  arrangement  and 
shape  ;  but  the  resemblance  is  only  superficial, .  and  the  intimate 
relationship  between  the  blood  and  the  tissue  elements,  which  are 
both  enclosed  within  the  original  sinus,  is  usually  maintained.  The 
distinctive  character  of  sinusoids  was  first  recognised  by  Minot. 


.,  ^ll.O. 
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Fig.  291.— Liver  op  embryo-chick  op  eleven  days.    (C.  S.  Minot.) 

A. c,  hepatic  cylinders;  Si,  sinusoids. 


LYMPHATICS    OR  LYMPH-VESSELS. 

To  the  lymphatic  system  belong  not  only  the  lymph-vessels  and 
lymph-glands,  but  also  the  cavities  of  the  serous  membranes,  which  are 
moistened  with  lymph  and  are  in  open  communication  with  lymph- 
vessels  which  run  into  their  parietes. 

The  larger  lymph-vessels  somewhat  resemble  the  veins  in  structure, 
(fig.  291)  except  that  their  coats  are  much  thinner  and  valves  much 
more  numerous.  In  lymphatics  of  smaller  size,  which  in  the  fresh 
condition  have  a  clear,  perfectly  transparent  appearance  and  a  very 
thin  wall  (fig.  292),  the  vessel  is  formed,  first,  by  a  lining  of  pavement- 
epithelium  cells  (lymphatic  endothelium),  which  are  elongated  in  the 

P 
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direction  of  the  axis  of  the  vessel;  and,  secondly,  by  a  layer  of  circularly 
and  obliquely  disposed  muscular  fibres  (fig.  293).  In  the  smallest 
vessels  (so-called  lymph-capillaries,  which  are  generally  considerably 
larger  than  the  blood-capillaries),  there  is  nothing  but  the  epi- 
thelium remaining,  and  the  cells  of  this  are  frequently  not  more 


Fig.  292.— Section  of  modekate-sized  lymphatic.  (Evans.) 
c,  capillary  vessels  distributed  to  the  muscular  coat  (media). 

elongated  in  one  direction  than  in  another,  but  have  a  characteristic 
wavy  outline  (fig.  294). 

The  lymphatics  receive  numerous  nerve-fibres,  which  are  non- 
meduUated,  and  which  end  in  a  ramification  of  the  finest  fibrils,  which 
are  distributed  to  the  coats  of  the  vessels  (fig.  295). 
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Fig.  293. — Supra  valvular  dilatation  of  a  lymphatic  of  the  mesentery 
OF  a  cat;  silver  nitrate  preparation.  (Kanvier.) 

ill,  circular  muscle-fibres  ;  m',  m' ,  iri-egular  arrangement  of  muscle  at  the  dilatation. 


i,  lymphatics  with  characteristic  epithelium  ;  c,  cell-spaces  of  the  connective  tissue  here 
and  there  abutting  against  the  lymiihatic. 
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Lymphatics  begin  either  in  the  form  plexunes,  as  in  serous  mem- 
branes (fig.  296),  or  of  lacunar  interstices,  as  in  some  of  the  viscera,  and 
all  transitions  occur  between  the  two. 


{ 


Fig.  295.— Nerves  op  a  lymphatic  vessel,  shown  bv  methylene  blue. 

(Dogiel.) 

a,  a,  non-modullated  fibres  passing  to  the  vessel ;  6,  part  of  their  terminal  ramification. 

In  order  to  show  their  structure,  it  is  usual  to  stain  a  tissue 
with  nitrate  of  silver ;  for  exhibiting  their  distribution  they  may  be 
injected  by  sticking  the  nozzle  of  a  very  fine  injecting  cannula  into  any 
tissue  which  contains  them,  and  forcing  coloured  fluid  under  gentle 
pressure  into  the  interstices  of  the  tissue. 

In  silver  preparations  it  may  be  observed  that  the  lymphatics 
always  appear  in  the  form  of  clear  channels  in  the  stained  ground- 
substance  of  the  connective  tissue,  and  that  their  walls  are  in  close 
connection  with  the  cells  and  cell-spaces  of  that  tissue  (fig.  294).  But 
except  in  the  case  of  the  serous  membranes,  no  open  communication  is 
observable  between  the  lymphatic  vessels  and  the  interstices  of  the 
connective  tissue,  although  from  the  readiness  with  which  they  can  be 
injected  from  the  latter  there  must  be  a  ready  means  of  passage  of  the 
interstitial  lymph  into  the  commencing  lymphatics. 
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Development.— The  lymphatic  vessels  were  originally  described  by 
Klein,  and  more  recently  by  Retterer,  as  being  developed  from  hollowed- 


FiG.  296.— Lymphatic  plexus  of  central  tendon  of  diaphragm  of  babbit, 

PLEURAL  SIDE.  (Klein.) 

ft,  larger  vessels  with  lanceolate  cells  and  numerous  valves ;  6,  c,  lymph-capillaries 
with  wavy-bordered  cells. 


out  cells  in  the  same  manner  as  the  blood-vessels,  and  by  Gulland  as 
becoming  formed  at  the  periphery  as  clefts  in  the  connective  tissue, 
which  later  form  a  connection  with  the  venous  system.     But  the 
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investigations  of  Ranvier,  recently  confirmed  by  Miss  Sabin,  Lewis, 
and  others,  have  shown  that  the  lymphatic  trunks  grow  out  from  the 
venous  system,  and  gradually  penetrate  into  the  peripheral  parts  of 
the  embryo. 


Fig.  297. 


1 .  Epithelium  from  the  postehior  part  of  the  frog's  peritoneum,  showing 

THREE    STOMATA     LEADING     INTO    THE    CISTERNA    LTMPHATICA  MAGNA. 

(v.  Ebner,  after  Schweigger-Seidel  and  Dogiel.) 

2.  A  PORTION  OF  EPITHELIUM  FROM  THE  PERITONEAL  SURFACE  OF  THE  RABBIT's 

DIAPHRAGM.     THREE  PORES  ARE  VISIBLE  BETWEEN  THE  EPITHELIUM  CELLS. 

(v.  Ebner,  after  Ludwig  and  Schweigger-Seidel.) 

Serous  Membranes. 

The  serous  membranes,  which  may  be  co^iveniently  studied  in 
connection  with  the  lymphatic  system,  are  delicate  membranes  of 
connective  tissue  which  surround  and  line  the  internal  cavities  of  the 
body,  and  are  reflected  overmanyofthe  thoracic  and  abdominal  viscera; 
in  passing  to  which  they  form  folds  (such  as  the  mesentery),  within 
which  blood-vessels,  lymphatics,  and  nerves  are  conducted  to  the  viscera. 

The  inner  surface  is  lined  by  a  continuous  layer  of  pavemcnt- 
epithelium  {endothelium)  (figs.  78,  79),  which  is  very  distinct  in  nitrate 
of  silver  preparations.    In  some  places  there  are  apertures  in  the 


SEROUS  MEMBEANES. 


231 


■epithelium  which  lead  directly  into  subjacent  lymphatic  vessels. 
These  apertures  are  called  stomata,  and  are  sometimes  surrounded  by 
special  cells  (fig.  297).  They  are  numerous  upon  the  peritoneal  sur- 
face of  the  diaphragm,  but  are  present  in  most  serous  membranes. 
They  are  nowhere  better  studied  or  more  easily  seen  than  in  the 
peritoneal  membrane  at  the  back  of  the  abdominal  cavity  in  the 
frog.  This  membrane  lies  between  and  at  the  sides  of  the  kidneys, 
and  serves  to  separate  the  peritoneal  cavity  from  the  large  lymph- 
space  just  behind  it.  If  the  membrane  is  prepared  by  the  nitrate  of 
silver  method  the  stomata  and  the  cells  which  surround  them  on  either 
side  of  the  membrane  are  well  shown. 

The  pavement-epithelium  of  the  serous  membrane  rests  upon  a 
homogeneous  basement-membrane,  which  is  especially  well  marked 
in  the  serous  membranes  of  man.  The  rest  of  the  thickness  of  the 
membrane  is  composed  of  connective  tissue,  with  a  network  of  fine 
elastic  fibres  near  the  inner  surface  (fig.  298). 


Fig.  298.— Section  of  pleuha  :  ox  (Favaro).    Magnified  270  diameters. 
«,  endothelium  ;  to,  substance  of  membrane  with  numerous  elastic  fibres  ;  h,  hypo-pleura; 

i,  lymph-vessel. 


The  cavities  of  the  serous  membranes  are  originally  formed  in  the 
embryo  as  a  cleft  in  the  mesoderm  (pleuro-peritoneal  split,  coelom), 
which  becomes  lined  with  epithelium,  outside  which  the  cceloraic  wall 
eventually  becomes  differentiated  into  the  serous  membranes. 


I 
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LESSON  XXII. 
LYMPH-GLANDS.    TONSLLS.  THYMUS. 

1.  Sections  of  a  lymph-gland  which  has  been  hardened  either  in  formol 
or  potassium  bichromate,  or  in  chromic  acid  or  picric  acid  followed  by 
alcohol,  stained  in  bulk,  and  embedded  in  paraffin.  Or  the  sections  may  be 
stained  with  haematoxylin  and  eosin.  Notice  (1)  the  fibrous  and  muscular 
capsule,  with  trabeculse  extending  inwards  from  it  through  the  cortex  and 
anastomosing  with  one  another  in  the  medulla,  (2_)  the  dense  lymphoid 
tissue  (adenoid  tissue  of  some  authors)  forming  large  masses  in  the  cortex 
(cortical  nodules)  and  rounded  cords  in  the  medulla  (medullai'y  cords). 
Notice  al'so  the  clearer  channel  or  lymph-sinus  which  everywhere  intervenes 
between  the  fibrous  tissue  and  the  lymphoid  tissue.  Observe  the  fine  fibres 
and  branched  cells  which  bridge  across  this  channel. 

Make  a  general  sketch  under  a  low  power  of  a  portion  of  the  cortex 
together  with  the  adjoining  part  of  the  medulla,  and  under  a  high  power 
drawings  of  small  portions  of  cortex  and  medulla. 

The  retiform  tissue  of  the  lymph-glands  has  already  been  studied  (p.  91). 

2.  Sections  of  a  haemal  lymph-gland.  These  jnay  be  readily  found  in  the 
neck  of  the  ox,  in  the  neighbourhood  of  the  large  blood-vessels.  Stain  with 
eosin  and  haematoxylin  or  with  eosin  and  methylene  blue.  Notice  that  the 
channels  around  tiae  lymphoid  nodules  (or  some  of  them)  contain  blood 
instead  of  lymph. 

3.  In  sections  of  tonsil  prepared  similarly  to  those  of  the  lyniph- 
gland,  notice  the  large  amount  of  lymphoid  tissue,  partly  collected  into 
nodules.  Observe  also  that  the  stratified  epithelium,  which  covers  the 
mucous  membrane  here  as  elsewhere  in  the  mouth,  is  infiltrated  with  lymph- 
corpuscles.  The  tonsil  is  beset  with  pit-like  recesses,  with  mucus-secreting 
glands  opening  into  the  pits. 

4.  Lymphoid  nodules  of  mucous  membranes.  In  other  mucous  membranes 
besides  that  of  the  back  of  the  mouth  and  pharynx,  collections  of  lymphoid 
tissue  occur  which  resemble  those  of  the  tonsils  ;  such  nodules  form  the 
solitary  glands  of  the  stomach  and  intestines  and  the  agminated  glands  of 
the  small  intestine,  and  are  also  found  in  the  trachea  and  bronchial  tubes 
and  in  the  ojsophagus.  They  may  be  studied  later  in  sections  of  those 
parts. 

5.  Sections  of  the  thymus  gland  of  an  infant  or  young  animal.  Notice 
that  the  masses  of  lymphoid  (?)  tissue  which  form  the  lobules  of  the  gland  are 
separated  by  septa  of  connective  tissue,  and  that  the  lobules  show  a  distinc- 
tion into  two  parts,  cortical  and  medullary.  There  are  no  lymph-paths 
within  the  lobules.  Observe  the  differences  of  structure  of  the  cortex  and 
medulla,  and  especially  notice  the  concentric  corpuscles  in  the  medullary 

^^Make  a  sketch  of  one  of  the  lob.ules  under  a  low  power  and  of  a  small 
part  of  the  medulla  under  a  high  power,  including  one  or  two  concentric 
corpuscles.    Measure  the  latter. 
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Lymph-Glands. 

Structure  of  a  lymph-gland.— A  lymph-gland  (lymphatic  gland)^  is 
composed  of  a  framework  of  fibrous  and  plain  muscular  tissue,  which 
incloses  and  supports  the  proper  glandular  substance,  but  is  everywhere 
separated  from  it  by  a  narrow  channel,  bridged  across  by  cells  and  fibres, 
which  is  known  as  the  lymph-channel.  The  framework  consists  of  an 
envelope  or  capsule  (fig.  299,  c),  and  of  traheculce  (tr),  which  pass  at 
intervals  inwards  from  the  capsule,  and  after  traversing  the  cortex  of 


Fig.  299. — Diageammatic  section  of  lymph-gland.  (Sbarpey.) 

a.l.  afferent,  c.l.  efferent  lymphatics;  C,  cortical  substance;  Jl/,  reticulating  cords  of 
medullary  substance ;  l.h.  lymphoid  tissue;  l.s.  lymph-sinus;  e,  capsule  sending 
trabeculiB,  Ir,  into  the  substance  of  the  gland. 

the  gland,  divide  and  reunite  with  one  another  to  form  a  network  of 
fibrous  bands.  At  one  part  of  the  gland  there  is  usually  a  depression 
(hilus),  and  at  the  bottom  of  this  the  medulla  comes  to  the  surface 
and  its  fibrous  bands  are  directly  continuous  with  the  capsule. 

The  proper  glandular  substance  (l.h.)  is  composed  of  lymphoid  tissue, 
i.e.  a  fine  reticulum  with  the  meshes  thickly  occupied  by  lymph- 
corpuscles.  It  occupies  all  the  interstices  of  the  gland,  forming  com- 
paratively large  rounded  masses  in  the  cortex  (lymphoid  nodules,  C), 
which  may  be  two  or  three  deep,  and  smaller  reticulating  cord-like 
masses  (lymphoid  cords,  M)  in  the  medulla. 
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The  cells  which  bridge  across  the  lymph-channel  in  the  medulla 
(fig.  300,  c)  are  branching  nucleated  cells  which  often  contain  pigment, 
so  that  this  part  of  the  glan^  has  a  dark  colour.  Some  may  contain 
disintegrating  erythrocytes.  'The  lymph-channel  is  bridged  across  not 
only  by  these  branched  cells,  but  also  by  fibres  derived  from  the 
capsule  and  trabeculse,  which  pass  to  the  lymphoid  tissue  and  become 
lost  in  its  reticulum.  But  the  fibres  are  often  completely  concealed  by 
the  cells. 


Fig.  300. — Section  of  the  medullary  substance  of  a  lymph-gland. 
300  diameters.    (Eecklinghausen. ) 

a,  a,  a,  lymphoid  cords  ;  c,  lymph-sinus  ;  b,  b,  trabeculfe ;  d,  d,  capillary  blood-vessels. 

Afferent  lymph-vessels  (fig.  299,  a.l.)  enter  the  lymph-channels  after 
ramifying  in  the  capsule,  and  the  lymph  is  conveyed  slowly  along 
the  channels  of  the  cortical  and  medullary  part  towards  the  hilus, 
taking  up  many  lymph-corpuscles  in  its  passage.  At  the  hilus  it 
is  gathered  up  by  an  efferent  vessel  or  vessels  {e.l.)  taking  origin  in 
the  lymph-sinuses  of  the  medulla. 

The  efferent  lymphatics  always  contain  many  more  lymph-corpuscles 
than  those  which  enter  the  gland,  for  lymph-corpuscles  are  constantly 
being  formed  by  mitotic  division  of  the  pre-existing  cells  in  the 
glandular  substance,  especially  in  the  clearer  centre  of  each  cortical 
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nodule  (germ-centre  of  Flemming) ;  they  gradually  find  their  way 
into  the  lymph-channel. 

The  leucocytes  of  the  germ-centres  frequently  show,  in  sections,  peculiar 
darkly  coloured  bodies  — the  stainahle -bodies  of  Flemming— the  origin  of 
which  has  not  been  determined. 

Multinucleated  giant-cells  are  frequently  found  m  lymph-glands. 

An  artery  passes  into  each  gland  at  the  hilus ;  its  branches  are 
conveyed  at  first  along  the  fibrous  cords,  but  soon  become  surrounded 


Fig.  301.— Section  of  a  lymph-gland  from  the  neck  of  an  eight  teak 
OLD  CHILD,    (v.  Ebner. )    x  13. 

c,  capsule ;  c.n,  cortical  nodules,  some  with  germ-centres ;  l.c,  lymphoid  cords  of 
medulla  (dark) ;  l.p,  lymph-path  (light)  ;  s,  cortical  sinus  ;  t,  trabeculas  ;  v,  vein  ; 
I,  efferent  lymph-vessels,  accompanying  and  partly  surrounding  blood-vessels,  bl. 

by  the  lymphoid  cords,  where  they  break  up  into  capillaries  (fig.  300,  d). 
The  blood  is  returned  by  small  veins,  which  are  conducted  along  the 
fibrous  trabeculse  to  the  hilus. 

In  some  lymph-glands  the  fibrous  trabeculse  are  very  slightly  de- 
veloped, so  that  the  gland  seems  in  section  to  be  almost  uniformly  a 
mass  of  lymphoid  tissue,  pervaded  by  lymph-channels  and  with  clearer 
rounded  nodules  (germ-centres)  scattered  about,  especially  in  the  cortex 
(fig.  301).  This  is  the  case  with  most  of  the  lymph-glands  of  man  and 
some  other  animals.    In  other  animals,  such  as  the  dog  and  ox, 
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the  trabeculse  are  very  well  developed  and  contain  much  muscular 
tissue. 

Nerve-fibres  pass  to  lymph-glands  and  appear  to  be  distributed 
chiefly  as  non-medullated  fibres  to  the  plain  muscular  tissue  of  the 
blood-vessels  and  trabecules. 

Ordinary  lymph-glands  are  confined  to  mammals,  but  Vincent  and  Harrison 
have  found  hsemal  lymph-glands  in  birds. 

Haemal  lymph-glands. — In  many  animals  a  certain  number  of  lymph- 
glands  are  observable  which  have  a  red  colour.  Some  of  these  on 
section  show  that  what  corresponds  to  the  peripheral  lymph- channel 
in  ordinary  lymph-glands  is  in  them  occupied  by  blood.  Others 
have  the  greater  part  of  the  interior  occupied  by  large  sinuses  filled 
with  blood ;  but  some  parts  have  the  ordinary  structure  of  a  lymph- 
gland.  The  names  hcemal  glands  and  hcenial  lymi^h-glands  (Robertson) 
have  been  given  to  these  organs.  The  blood  passes  into  the  sinuses 
from  the  arterial  capillaries,  which  probably,  as  in  the  spleen,  become 
incomplete  and  open  into  the  tissue  interstices,  from  which  at  other 
parts  the  small  veins  in  like  manner  arise.  Like  the  spleen  these 
haemal  glands  show  cells  (phagocytes)  which  contain  red  blood- 
corpuscles  in  various  stages  of  transformation  into  pigment. 

Some  haemal  glands  are  said  to  have  no  lymph-channels,  but  this 
statement  requires  confirmation. 

The  Tonsils. 

The  tonsils  are  two  masses  of  lymphoid  tissue  placed  one  on  each 
side  of  the  pharynx,  into  which  they  project.  They  are  covered  on 
the  free  surface  with  the  stratified  epithelium  of  the  mucous  membrane, 
and  this  surface  is  pitted  with  apertures  which  lead  into  recesses  or 
crypts  in  the  substance  of  the  organ  (fig.  302).  These  recesses  are  all 
lined  by  a  prolongation  of  the  stratified  epithelium,  and  into  them 
the  ducts  of  numerous  small  mucous  glands  open.  The  tonsils  are 
composed  almost  entirely  of  lymphoid  tissue,  which,  besides  being 
diffused  over  the  whole  organ,  is  at  intervals  aggregated  into 
nodules,  in  which  the  lymph-cells  are  more  closely  arranged  than 
elsewhere.  In  the  clear  centre  {germ-centre)  of  some  of  these  nodules 
active  multiplication  of  the  lymph-cells  by  mitosis  is  constantly 
proceeding,  and  is,  in  fact,  the  cause  of  the  formation  of  nodules 
in  the  tissue,  as  in  other  organs  in  which  lymphoid  tissue  occurs. 
Even  the  epithelium  which  covers  the  tonsils  is  infiltrated  with 
lymph-corpuscles  (fig.  303),  and  these  may  also  Avander  out  on  to  the 
free  surface,  and  become  mingled  with  the  saliva  as  salivary  corpuscles. 
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The  lymphoid  tissue  is  highly  vascular,  and  contains  many 
lymphatics. 

The  mucous  membrane  of  the  neighbouring  part  of  the  pharynx 
and  of  the  back  of  the  tongue  and  that  of  the  upper  part  of  the 
pharynx   near  the  orifices  of  the  Eustachian  tubes  shows  crypts 


:0' 
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Fig.  302.— Section  theodgh  one  of  the  crypts  of  the  tonsil.  (Stohr.) 

•e,  e,  stratified  epithelium  of  surface  of  mucous  uiembrane,  continued  into  crypt  •  f  f 
follicles  or  nodules  of  the  lymphoid  tissue,  which  is  elsewhere  diffuse  ;  some  show 
clear  germ-centres";  opposite  each  nodule  numbers  of  lymph-cells  are  passing 
through  the  epithelium  ;  s,  masses  of  cells  which  have  thus  escaped  from  the  or^aS 
to  mix  with  the  saliva  as  salivary  corpuscles. 
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Fig.  304.— Lymphatics  of  a  peyer's  patch,  injected  with  silver  nitrate: 
CAT.    (KoUiker.)    Magnified  85  diameters. 

/,  a  lymphoid  nodule  or  foUicle;  /',  its  base,  resting  upon  the  muscular  coat,  m;  s.m, 
submucosa ;  I,  lymph-vessels  ;  s,  sinus-llke  enlargement  of  lymph-vessel  surrounding 
follicle.  " 


Fig.  305.  —Developing  lymphoid  noddles  from  the  guinea-pig's  omentum. 

(Klein.) 

A,  perilymphatic  nodule  ;  a,  lymphatic ;  c,  its  endothelium  ;  c,  lymph-corpuscles ;  6, 
accumulation  of  lymphoid  tissue  on  one  side  of  it ;  d,  blood-capillaries  within  this. 

B,  endolymphatic  nodule  consisting  of  an  enlarged  lymphatic  vessel,  d,  within  which 

is  a  capillary  network,  e,  c,  an  artery,  b,  and  a  vein,  a ;  c,  lymphoid  tissue  within 
the  lymphatic,  its  branched  cells  being  joined  to  and  derived  from  the  lymphatic 
endothelium  /. 
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and  masses  of  lymphoid  or  adenoid  tissue  similar  in  structure  to 
those  of  the  tonsils. 

Other  Lymphoid  Structures. 

Lymphoid  tissue  occurs  in  many  other  parts  of  the  body  in 
addition  to  the  lymphatic  glands  and  tonsils,  although  it  may  not, 
as  in  these  structures,  constitute  the  bulk  of  the  organ.  Thus  it 
is  found  in  many  mucous  membranes,  such  as  those  of  the  intestine 
and  of  the  respiratory  tract,  both  in  a  diffuse  form  and  also  collected 
into  nodular  masses  which  are  like  the  cortical  nodules  of  a  lymph- 
gland,  and  may,  like  these,  be  partially  surrounded  by  a  lymph-sinus. 
In  the  intestine  such  nodules  constitute  the  so-called  solitary  glands 
and  Peyer's  patches.  The  lymphatics  form  plexuses  of  sinus-like 
vessels  which  to  a  large  extent  inclose  the  nodules  (fig.  304).  In 
the  spleen  a  large  amount  of  lymphoid  tissue  is  found  ensheathing 
the  smaller  arteries,  and  also  expanded  into  nodular  masses  {Malpighian 
corpuscles  of  the  spleen).  All  these  structures  will  be  studied  subse- 
quently. Lymphoid  tissue  also  occurs  in  considerable  amount  in 
the  serous  membranes,  especially  in  young  animals ;  in  the  adult  it 
is  here  mostly  replaced  by  adipose  tissue. 

Development  of  lymphoid  tissue. — Lymph-glands  are  developed  in 
connection  with  plexuses  of  lymph- vessels,  an  accumulation  of  retiform 
tissue  and  lymph-cells  taking  place  either  external  to  and  around  the 
\Ym.^\i&t\cs  {perilymphatic  formation)  ;  or  some  of  the  lymphatics  are  dilated 
into  a  sinus  or  sinuses  and  the  formation  of  lym^jhoid  tissue  occurs  within 
it  {endolymphatic  formation)  (fig.  305,  a  and  b).  When  there  is  a  develop- 
ment of  lymphoid  tissue  outside  the  lymphatic  vessels  this  may  form  a 
considerable  accumulation  before  the  formation  of  lymph-jjaths  within  the 
tissue.  Blood-vessels  are  eai^ly  developed  amongst  the  lymphatic  plexuses, 
and  by  these,  according  to  Gulland,  the  first  lymph-corpuscles  of  the 
lymphoid  tissue  are  brought  to  the  gland. 

The  marginal  sinus  is  produced  by  the  fusion  of  a  number  of  lymph- 
vessels  which  surround  the  accumulation  of  lymphoid  tissue,  while  in  the 
situation  of  the  future  hilus  other  lymph- vessels  grow  into  the  glandular 
substance  and  form  channels  which  subdivide  it  up  into  cords  and  nodules 
(Kling).  The  branched  cells  of  the  lymph-path  are  said  to  be  derived  from 
the  lymphatic  endothelium. 

The  axillary  glands  were  found  by  Stiles  to  increase  in  number  and  size 
during  lactation,  diminishing  again  after  lactation  has  ceased.  In  the 
developing  tonsils  Gulland  occasionally  found  nests  of  epithelial  cells 
detached  from  the  surface  epithelium,  somewhat  like  those  found  per- 
manently in  the  thymus. 

Thymus. 

The  thymus  gland  is  an  organ  which  in  man  is  found  only  in 
the  embryo  and  during  infancy.     It  is  composed  of  a  number 
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•of  lobules  (figs.  30G,  307)  varying  in  size,  which  are  separated  from 
■one  another  by  septa  of  connective  tissue,  along  which  the  blood- 
vessels and  lymphatics  pass  to  and  from  the  lobules.  Each  lobule 
shows  plainly,  when  examined  with  a  low  power,  a  distinction  into  an 
outer  cortical  and  an  inner  medullary  portion.  The  cortical  part  of  the 
lobule  is  imperfectly  divided  into  nodules  by  trabeculae  of  connective 
tissue.  It  is  highly  vascular,  and  is  superficially  similar  in  structure 
to  the  lymphoid  tissue  of  the  lymph-glands  and  tonsils,  with  which 
it  also  agrees  in  exhibiting  numerous  indications  of  indirect  cell- 
division,  but  without  definite  germ- 
centres.  Besides  lymph-corpuscles  it 
contains  a  number  of  peculiar  granular 
cells.  The  medulla  is  more  open  in  its 
texture,  and  its  reticulum  is  formed  by 
large  transparent,  branched  cells  (fig. 
308),  which  are  sometimes  massed 
together  and  then  resemble  epithelium- 
cells.  The  medulla  contains  fewer 
lymph-corpuscles  than  the  cortex  and 
has  a  clearer  aspect.  Connective-tissue 
fibres  are  not  wholly  absent  from  it. 
AVithin  the  medulla,  but  not  in  the 
cortex,  are  found  peculiar  concentri- 
cally striated  bodies  (the  concentric 
corpuscles  of  Hassal,  figs.  307,  309), 
which  are  "  nests "  of  flattened  epi- 
thelial cells  arranged  concentrically 
around  one  or  more  central  cells, 
which  have  often  undergone  a  de- 
FiG.  306. -Section  OF  ueveloping     generative  process.    Sometimes  these 

THYMUS.     (From  Prenant,  Bouin,      o  i 

and  Maillard.)  corpuscles  are  compound,  two  or  three 

cortex ;  m,  medulla.  At  this  period     being  grouped  together  and  similarlv 

the  medulla. is  continuous  throughout  o  o       i  o  " 

the  gland,  and  comes  to  the  surface  at  incloscd  by  flattened  CcUs.  1  hey 
places.  o     1  ■  p 

represent  part  of  the  remains  ot  an 
epithelial  tube,  which  forms  the  thymus  rudiment  of  the  early  em- 
bryo and  is-  derived  from  certain  of  the  branchial  clefts.  According 
to  the  observations  of  Hammar  the  reticulum  of  the  gland  is  also 
derived  from  this  epithelium,  and  Stohr  believes  that  the  apparent 
lymphoid  cells  of  the  gland  have  a  similar  origin. 

Nucleated  red  blood-corpuscles  (erythroblasts),  similar  to  those  found 
in  red  marrow,  have  also  been  described  in  the  thymus  (J.  Schafi"er),  and 
occasionally  cysts  lined  by  ciliated  epithelium  are  found  (fig.  309,  c). 
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In  some  animals  islands  of  striated  muscular  cells  are  seen  in  the 
medulla.    Multinucleated  giant-cells  are  also  found  (Watney). 


Fig.  307.— a  lobule  of  the  thymus  of  a  child,  as  seen  under  a  low  poweh- 
c,  cortex ;  c,  concentric  corpuscles  within  medulla  ;  b,  blood-vessels  ;  Ir,  trabeculse. 


Fig.  308.— Section  of  medulla  of  thymus,  showing  branched  (epithelial) 
cells  of  reticulum  and  a  certain  number  of  lymphoid  cells  in  the 
meshes.  (Hammar.) 


The  lobules,  the  cortex  especially,  are  abundantly  supplied  with 
capillary  blood-vessels.    In  man  the  arteries  penetrate  to  the  junction 

Q 
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of  cortex  and  medulla,  and  give  oflF  most  of  their  capillaries  radially 
into  the  cortical  nodules.  Veins  pass  away  both  from  the  surface  of 
the  lobules  and  to  a  less  extent  directly  from  the  medulla.  The  mode 
of  distribution  of  the  lymphatics  has  not  been  definitely  ascertained, 
but  none  are  seen  within  the  lobules.    Nevertheless,  large  lymphatic 


c 


Fig.  309. — A  concentric  corpuscle  of  thymus  with  part  of  the  adjoining 

RETICULUM.  (Hammar.) 

c,  a  small  ciliated  cyst, 

vessels,  containing  many  lymphocytes,  issue  from  the  interstitial 
connective  tissue  of  the  thymus,  but  in  what  way  they  are  connected 
with  the  lobules  has  not  been  ascertained. 

In  the  human  subject  the  thymus  gland  undergoes  after  childhood 
a  process  of  retrogression,  its  lobules  ceasing  to  grow  and  becoming 
surrounded  and  concealed  by  a  quantity  of  adipose  tissue  which 
develops  in  the  interstitial  connective  tissue  of  the  gland.  Eventually 
the  lobules  atrophy. 
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LESSON  XXIII. 

STRUCTURE  OF  THE  SPLEEN,  SUPRARENAL  CAPSULES, 
THYROID  BODY,  AND  PITUITARY  BODY. 

1.  Sections  of  the  spleen  hardened  in  Muller's  fluid  or  formol  and  stained 
■with  hiBinatoxylin  and  eosin.  Notice  the  trabeculse  extending  into  the 
.■substance  of  the  organ  from  the  capsule.  Notice  also  that  the  glandular 
:  substance  is  of  two  kinds,  (1)  lymphoid  tissue  accumulated  around  the  small 
;  arteries    and  here  and  there  massed  to   form   lymphoid  iwdules — the 

Malpighian  corpuscles — and  (2)  a  tissue — the  red  pulp — consisting  of  a 
1  reticulum  of  fibrils  and  branching  cells:  this  tissue  contains  blood  in  its 

■  interstices. 

Sketch  part  of  a  section  under  a  low  power  and  a  small  portion  of  the  pulp 
1  under  a  high  power. 

2.  Sections  across  a  suprarenal  capsule  hardened  in  2  per  cent,  bichromate 
I  of  potassium.  In  sections  not  otherwise  stained,  notice  the  deep  brown 
I  coloration  of  the  medulla  (action  of  the  chromic  salt).  Stain  other  sections 
•  with  eosin  and  hrematoxylin.  Examine  first  with  a  low  power,  noticing 
I  the  general  arrangement  and  extent  of  the  cortical  and  medullary  parts  of 
I  the  organ,  and  making  a  general  sketch  which  shall  include  both.  After- 

■  wards  sketch  carefully  under  the  high  power  a  group  of  cells  from  each 
I  part  of  the  organ. 

3.  Sections  of  the  thyroid  body  stained  with  eosin  and  hgematoxylin. 
;  Notice  the  vesicles  lined  with  cubical  epithelium  and  filled  with  a  "  colloid" 
:  substance  which  becomes  stained  with  hsematoxylin.  Sketch  one  or  two 
■vesicles.  Measure  several  vesicles.  The  sections  should  include  a  para- 
t  thyroid. 

4.  Sections  (antero-posterior)  through  the  pituitary  body.  Notice  the 
I  (epithelial)  anterior  lobe  separated  by  a  cleft  from  the  (nervous)  posterior 

■  lobe.  The  anterior  part  of  the  posterior  lobe  is  also  covered  by  an  epithelial 
:  layer,  amongst  the  cells  of  which  colloid  matter  may  be  seen.    This  also  can 

be  traced  in  the  tissue  of  the  posterior  lobe  as  far  as  the  inf undibulum  of  the 

■  third  ventricle. 

5.  Injected  preparations  of  these  organs  may  also  be  studied  :  the  spleen 
is  usually  naturally  injected  with  blood. 


The  Spleen. 

The  spleen  is  the  largest  of  the  so-called  ductless  glands.  It  appears 
to  be  functionally  connected  with  the  blood,  white  blood-corpuscles 
being  formed  and  coloured  blood-corpuscles  being  submitted  to  destruc- 
tion within  it. 

Like  the  lymph-glands,  the  spleen  is  invested  with  a  fibrous  and 
muscular  capsule  (fig.  310),  which  is  however  stronger  and  has  far 
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more  plain  muscular  tissue ;  outside  the  capsule  is  a  covering  derived 
from  the  serous  membrane.  The  capsule  sends  bands  of  trabeculaj 
into  the  organ  (fig.  311),  and  these  join  with  a  network  of  similar 
trabeculfe  which  pass  into  the  gland  at  the  hilus  along  with  the  blood- 
vessels. In  the  interstices  of  the  framework  thus  constituted  lies  a 
soft  pulpy  substance  containing  a  large  amount  of  blood,  and  therefore 
of  a  deep  red  colour,  dotted  within  which  are  here  and  there  to  be 
seen  small  round  bodies,  whiter  than  the  pulp  in  the  fresh  organ  but 
darker  in  stained  sections,  the  Malpighian  corjmsdes  of  the  spleen.  These 


Fig.  310.— Section  of  spleen,  somewhat  magnified.   (G.  Mann.) 

The  section  was  stained,  and  the  Malpighian  corpuscles  therefore  appear  darker  than 
the  pulp.  The  venous  sinuses  show  as  clear  spaces.  The  larger  veins  are 
contained  in  the  trabeoulfe. 


are  composed  of  lymphoid  tissue  which  is  gathered  up  into  masses 
which  envelop  the  smaller  arteries,  whilst  the  red  pulp  which  every- 
where surrounds  them  and  which  forms  the  bulk  of  the  organ  is 
composed  (Carlier)  of  a  close  network  of  connective-tissue  fibrils 
(fig.  312),  partly  covered  by  flattened  and  branched  cells  (fig.  313). 
Passing  into  the  pulp  and  communicating  with  its  interstices  are 
capillary  blood-vessels  which  are  connected  Avith  the  terminations  of 
the  arteries  ;  whilst  in  other  parts  venous  channels — characterised  in 
the  human  spleen  by  an  encirclement  of  reticulum-fibres,  possibly  of 
an  elastic  nature  (fig.  314),  and  by  the  presence  of  a  layer  of  highly 
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characteristic,  comparatively  thick  and  prominent  endothelium-cells 
(fig.  3 15) -course  through  the  pulp  and  bring  the  blood  which  has 
parsed  into  its  interstices  from  the  arterial  capillaries  towards  the 
larger  veins  of  the  organ,  which  run  in  the  trabeculfe,  and  are  by  them 
conducted  to  the  hilus.  The  arteries,  which  are  also  at  first  conducted 
from  the  hilus  along  the  trabeculse  into  the  interior  of  the  organ, 
.presently  leave   the   trabeculse,   and   their   external   coat  becomes 


Fig.  311.— Vertical  section  of  a  portion  of  the  monkey's  spleen,  as 

seen  with  a  low  power. 

gradually  converted  into  a  thick  sheath  of  lymphoid  tissue  which 
invests  them  in  the  remainder  of  their  course,  and  in  places  becomes 
swollen  into  the  Malpighian  corpuscles  already  mentioned.  The  small 
arteries  distribute  a  few  capillaries  to  the  Malpighian  corpuscles,  and 
then  break  up  into  pencils  of  capillary  vessels  which  open  into  the 
interstices  of  the  pulp. 

The  Malpighian  corpuscles  frequently  but  not  always  show  a 
clearer  central  nodule  or  germ-centre,  characterised  by  the  presence  of 
numerous  mitoses ;  and  the  stainable  bodies  of  Flemming  (p.  235) 
are  also  seen  in  them. 
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Fig.  312.— Reticulum  of  spleen,  golgi  method.  (Oppel.) 
a,  Malpighiau  corpuscle  ;  &,  part  of  its  reticulum  ;  c,  condensed  reticulum  at  its  margin ; 
d,  more  open  tissue  next  to  this  ;  e,  wall  of  arteriole ;  /,  capillaries  of  Malpighiau 
corpuscle;  g,  reticulum  of  arteriole  expanding  into  that  of  the  Malpighiau  corpuscle. 


Fig.  313.— Small  veins  of  spleen  pulp  with  reticular  tissue.  (H.)yer.) 
The  veins,  which  are  invested  bj'  encircling  fibres,  show  gaps  in  their  walls  whereby 
they  communicate  with  the  interstices  of  the  pulp. 
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Some  authorities  hold  that  the  arterial  capillaries  open  into  the  venous 
sinuses  and  that  the  blood-system  of  the  spleen  is  therefore  a  closed  one,  the 
blood-corpuscles  passing  into  the  pulp-interstices  by  diapedesis. 


Fig.  314. — Venous  spaces  of  spleen  pulp,  showing  the  encibcling  fibres 

IN  THEIR  WALLS  :  HUMAN.    (v.  Ebiier.) 
cv,  capillary  veins ;  p,  pulp  (the  tissue  elements  are  not  represented). 


Fig.  315. — From  sections  of  human  spleen.  (Weideareich.) 

A,  transverse  sections  of  a  venous  sinus.   B,  longitudinal  section  of  a  smaller  sinus 
considerably  more  magnified  than  A. 

■a,  nucleated  bodies  of  endothelial  cells  ;  b,  fibre-like  prolongations  of  endothelial  cells ;  c, 
cavity  of  sinus ;  d,  encircling  elastic  fibres  ;  e,  e,  leucocytes  passing  through  wall  of 
sinus. 
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Fig.  316. — Thin  section  of  spleen-pulp  of  child,  highly  magnified, 
showing  the  apparent  mode  of  origin  of  a  small  vein  in  the 
INTERSTICES  OF  THE  PULP.    Magnified  400  diameters. 

a,  blood  ill  pulp  ;  a',  blood  in  vein  ;  b,  phagocyte  in  vein  ;  c,  branched  cell  of  pulp ; 

d,  phagocytic  splenic  cell. 


THE  MEDULLARY  AND  COR- 
TICAL      SUBSTANCE.  (A. 


Fig.  317.— a  giant  cell  from  the  spleen  ^nu.uauii., 

OF  A  KITTEN.    Magnified  400  diameters.  r-,  issuing  vein  ;    summit  of  kidney. 
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The  special  cellular  elements  of  the  spleen-pulp  are  of  three  kinds, 
viz.  (1)  large,  amajboid  phagocytic  splenic  cells,  (2)  giant  cells,  (3) 
branched  reticulum-cells  which  assist  in  forming  the  sponge-work. 
The  pulp  also  contains  all  the  corpuscular  elements  of  blood. 
The  phagocytic  cells  are  frequently  found  to  contain  coloured  blood- 
corpuscles  in  their  interior  in  various  stages  of  transformation  into 
pigment.  They  occur  both  in  the  interstices  of  the  pulp  and  in  the 
venous  sinuses  and  veins,  where  they  are  often  filled  with  erythrocytes 
(fig.  316).  The  giant  cells  are  most  frequent  in  young  animals  (fig.. 
317).  The  branched  cells  of  the  spongework  are  probably  of  the 
same  nature  as  the  endothelium  cells  of  the  terminal  capillaries  and 
veins  of  the  pulp.  They  are  connected  with  one  another  and  with 
the  endothelial  cells  of  the  small  vessels  by  branches.  The  phagocytic 
spleen  cells  are  perhaps  derived  from  them. 

Nucleated  coloured  corpuscles  are  found  in  the  embryo,  and 
occasionally  after  birth,  in  the  spleen-pulp.  The  blood  of  the 
splenic  vein  is  very  rich  in  leucocytes. 

The  lymphatics  of  the  spleen  run  partly  in  the  trabeculse  and  capsule, 
and  partly  in  the  lymphoid  tissue  ensheathing  the  arteries.  They  join 
to  form  larger  vessels  which  emerge  together  at  the  hilus.  There  are 
no  lymphatics  in  the  spleen  pulp. 

The  nerves,  which  are  numerous  and  mostly  non-medullated,  are 
distributed  to  the  muscular  tissue  of  the  arteries  and  to  that  in  the 
capsule  and  trabeculae. 

Mall  states  that  the  distribution  of  the  trabeculse  and  of  the  blood-vessels 
within  the  spleen  is  such  as  to  indicate  a  differentiation  of  the  pulp  into 
divisions  which  he  terms  "  spleen  lobules,"  each  of  which  has  its  own 
arteriole  and  venule,  and  in  which  the  pulp  is  arranged  in  columns  or 
cords  surrounded  by  venous  spaces.  It  must,  however,  be  understood  that 
there  is  nothing  of  the  nature  of  partitions  separating  such  lobules  :  to  all 
appearance  the  pulp  is  in  continuity  throughout  the  organ. 

r  The  Suprarenal  Capsules. 

I  The  suprarenal  capsules  (adrenals)  belong  to  the  class  of  bodies 
fknown  as  ductless  glands,  but  they  are  entirely  diff'erent  in  structure 
kiXid  function  from  the  spleen  and  lymphatic  glands.  A  section  through 
the  fresh  organ  (fig.  318)  shows  a  coiiex  which  is  striated  verti- 
cally to  the  surface,  and  of  a  yellowish  colour,  and  a  medulla  which  is 
soft  and  highly  vascular,  and  of  a  dark-red  colour.  The  whole  organ  is 
invested  by  a  fibrous  capsule  which  sends  fibrous  septa  inwards  through 
the  cortical  substance  (fig.  319),  subdividing  this  for  the  most  part 
into  columnar  groups  of  cells  {zona  fasciculata,  c).  Immediately 
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underneath  the  capsule,  however,  the  groups  are  more  rounded,  and  the 
cells  tend  to  assume  a  columnar  form  (zona  glomerulosa,  h),  whilst  next  to 
the  medulla  they  have  a  reticular  arrangement  {zona  reticularis,  d). 

The  cells  which  form  the  cortical  substance  are,  for  the  most  part, 
polyhedral  in  form ;  each  contains  a  clear  round  nucleus,  and  there 


Fig.  319. — "Vertical  section  of  cortex  of  suprarenal  of  dog.  (Bohm 
and  V.  Davidoff.)    Magnified  about  150  diameters. 

u,  capsule  ;  6,  zona  glomerulosa ;  c,  zona  fasciculata ;  d,  zona  reticularis. 

are  often  yellowish  oil-globules  in  their  protoplasm.  No  arteries  and 
veins  penetrate  between  these  cells,  both  these  and  the  lymphatics  of 
the  cortex  running  in  the  fibrous  septa  between  the  columns  of  cells, 
which  they  surround  with  a  capillary  network.  In  the  zona  reticularis 
the  capillaries  widen  out  and  occupy  the  spaces  between  the  cell- 
columns  (fig.  319,  d).  The  lymphatics  communicate  with  fine  canals 
between  the  cells  of  the  cortex. 
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The  cells  of  the  medulla  (fig.  320)  are  more  irregularly  disposed. 
They  are  supported  by  a  network  of  elastic  fibres.  They  lie  in  very 
close  relation  to  the  large  capillary  blood-spaces  (sinusoids)  which 
pervade  the  medulla  and  they  probably  pour  a  secretion  directly  into 
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Fig.  320.— Section  showing  zona  keticulahis  of  coetex,  r,  and  medulla, 
m,  OF  SUPHAKENAL  OF  DOG.    (Szymonowicz.)   Magnified  384  diameters. 


the  blood.  Their  protoplasm  is  granular ;  in  some  animals  it  contains 
a  brownish  pigment,  but  in  man  the  dark-red  colour  of  the  medulla  is 
due  to  the  blood  contained  in  the  large  sinusoid  spaces  by  which 
it  is  pervaded,  and  which  receive  the  blood  after  it  has  traversed 
the  capillaries  of  the  cortex.  A  few  arterioles  pass  straight  to  the 
medulla  through  the  cortex.     One  large  vein  usually  passes  out  at 


252 


THE  ESSENTIALS  OF  HISTOLOGY. 


the  hihis  in  the  anterior  surface  of  the  gland.  Investing  the 
larger  veins  are  longitudinal  bundles  of  plain  muscular  fibres;  but 
most  of  the  veins  have  only  an  endothelium.     Numerous  nerves, 

after  traversing  the  cortical 
substance,  are  distributed 
throughout  the  medulla,  where 
they  form  a  close  plexus  pro- 
vided here  and  there  with 
ganglion-cells.  The  cells  of 
the  medulla  are  characterised 
by  staining  brown  by  chromic 
acid  and  its  salts,  provided 
the  organ  is  fresh  (chromophil 
or  chromaffin  cells).  A  similar 
staining  reaction  is  found  to 
occur  in  some  of  the  cells  of 
certain  small  glandular  bodies 
which  occur  irregularly  at 
the  back  of  the  abdomen, 
being  especially  frequent  near 
the  lower  end  of  the  aorta 
(fig.  321). 

The  medulla  of  the"  supra- 
renal capsule  is  developed  from  cells  which  become  detached  from  the 
rudiments  of  the  sympathetic  ganglia,  and  are  therefore  of  ectodermal 
origin.    The  cortex  is  developed  from  mesoderm. 


Fig.  321.  —Section  of  part  of  an  accessory 

SUPRARENAL  (CHROMOPHIL)  BODY  ;  NEW-BORN 

CHILD.  (Zuckerkaudl.) 


The  Thyroid  Body. 


The  thyroid  body  consists  of  a  framework  of  connective  tissue 
inclosing  numerous  spherical  or  oval  vesicles  (fig.  322)  which  are  lined 
with  cubical  epithelium-cells ;  these  often  contain  granules  of  a 
fatty  character.  The  cavities  of  the  vesicles  are  usually  occupied 
by  a  peculiar  viscid  liquid  (colloid)  which  is  coagulated  by  alcohol 
and  which  then  becomes  stained  with  htematoxjdin.  A  similar 
material  has  been  found  in  the  lymphatics  of  the  gland,  and 
may  often  be  detected  also  in  the  interstices  of  the  connective 
tissue.  The  amount  of  colloid  in  the  vesicles  varies  considerably  in 
different  individuals;  the  circumstances  which  influence  its  variations 
are  not  fully  understood,  but  diet  appears  to  play  an  important  part 
(Chalmers  Watson). 
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The  blood-vessels  of  the  thyroid  are  numerous.  The  capillaries 
form  close  plexuses  round  the  vesicles  (fig.  323),  and  even  extend 
between  the  lining  epithelium  cells. 
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Fig.  322. — Section  of  human  thyroid.    (Szymonowicz.)    Magnified  about 

180  diameters. 

a,  vesicle  occupied  by  colloid,  which  has  partly  shrunk  away  from  the  epithelium  ; 
b,  epithelium  of  a  large  vesicle ;  c,  c,  epithelium  of  vesicles  which  are  cut  tangen- 
tially ;  d,  interstitial  connective  tissue. 


The  thyroid  is  originally  formed,  like  an  ordinary  gland,  by  an 
outgrowth  from  the  buccal  epithelium ;  later,  the  connection  becomes 
severed  and  its  branching  tubules  are 
broken  up  into  isolated  vesicles. 

Parathyroids. — In  close  proximity  to 
or  embedded  in  the  substance  of  the 
thyroid  are  always  to  be  found  four 
small  glandular  organs  of  different  struc- 
ture from  the  thyroid  proper  (fig.  324). 
These  bodies,  one  of  which  usually  lies 
on  the  lateral  and  one  on  the  mesial 
surface  of  each  lateral  lobe,  are  formed 
of  columns  of  granular  epithelium-cells, 
with  numerous  blood-channels  between 
the  columns.  If  left  after  removal  of  the 
thyroid,  the  parathyroids  are  stated  to 
undergo  hypertrophy,  and  to  develop  a 


Fig. 


323. — Thyroid  of  dog 
injected. 
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vesicular  structure  (Vincent  and  Jolly).  There  is  also  frequently  to 
be  found  in  connection  with  the  thyroid  a  small  mass  of  lymphoid 
tissue  which  resembles  the  thymus  tissue  in  structure,  and,  like  it, 
contains  concentric  corpuscles. 

CAROTID  AND  COCCYGEAL  GLANDS. 

These  are  minute  glandular  organs  without  ducts,  lying  respectively 
at  the  bifurcation  of  the  carotid  artery  and  in  front  of  the  apex  of  the 
coccyx.  They  are  composed  of  polyhedral  cells,  with  numerous  blood- 
capillaries  between  them.    In  the  carotid  gland  the  cells  are  collected 


picj. 

Fig.  324.— Section  of  parathyeoid.  (Kohn.) 

cjj,  secreting  epithelium  ;  pig,  cells  containing  pigment ;  rap,  sinus-like  capillfiries  ; 

end,  endothelium -cells. 

into  spheroidal  clumps  (fig.  325),  in  the  coccygeal  gland  into  irregular 
nodules  (fig.  326).  The  blood-vessels,  at  least  in  the  coccygeal  gland, 
have  a  sinusoidal  character  (Walker).  Amongst  the  cells  are  some 
which  stain  dark  brown  with  chromic  acid  like  those  of  the  medulla 
of  the  suprarenal  capsules  (chromophil  cells).  A  certain  number  of 
such  cells  occur  also,  according  to  Kohn,  in  some  sympathetic  ganglia. 
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Fig.  325. — A  clump  or  cell-ball  from  the  carotid  gland,  injected. 

(Scliaper. ) 

a,'  .arteriole ,  v,  venules ;  c,  sinus-like  capillary  within  nodule ;  gl,  group  of  gland 
cells  ;  c,  boundaiy  of  nodule  surrounded  by  lymph  si^ace  ;  d,  inter-nodular  connective 
tissue  of  gland. 


Fig.  326.— Section  op  coccygeal  gland.  (Walker.) 
1 ,  blood-.spacos  ;  2,  epithelium  ;  3,  connective  tissue. 


256 


THE  ESSENTIALS  OF  HISTOLOGY. 


The  Pituitary  Body. 

The  pituitary  body  or  gland  {hypophysis  cerebri)  is  a  small  reddish 
mass  which  lies  in  the  sella  turcica,  and  is  connected  with  the  third 
ventricle  by  the  infundibulum.  It  consists  of  three  parts,  a  larger 
anterior  and  a  smaller  posterior,  with  an  intermediate  part  between 
them.  Between  the  anterior  and  intermediate  parts  there  is  usually  a 
cleft-like  space  containing  glairy  fluid  (fig.  327).    The  antenm-  part  is 


c  d 


Fia.  327. — Section  of  cat's  pituitary  passing  thkough  the  cleft  in  the 

GLAND.    (P.  T.  Herring.) 

a,  pars  anterior ;  6,  cleft ;  c,  pars  intermedia ;  d,  pafs  posterior  ;  seu  nervosa. 


originally  developed  as  a  hollow  protrusion  of  the  buccal  epithelium. 
It  consists  at  first  of  a  number  of  tubules,  which  are  lined  by  epithelium 
and  united  by  connective  tissue,  but  for  the  most  part  the  lumen 
of  the  tubules  has  become  obliterated  in  the  adult,  and  they  present  the 
appearance  of  solid  cell-masses  between  which  are  numerous  large 
venous  capillaries,  perhaps  sinusoids.  Some  of  the  cells  are  clear, 
others  darkly  granular  in  appearance  (figs,  327,  328). 
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Fig.  328.— Section  op  anteeiob  lobe  op  hypophysis  of  ox.  (Dostoiewsky.) 
6?,  blood-sinuses ;  c,  cell-strands  containing  clear  cells  ;  d,  strands  of  darker  granular 
cells.    Other  strands  contain  both  kinds  of  cell. 


Fig.  329.— Section  of  part  of  paes  intermedia  and  pars  posterior  of 
dog  extending  from  the  glandular  cleft  (below)  to  the  infdndibulab 
cavity  (above).    (P.  T.  Herring. ) 

The  section  shows  the  colloid  matter  which  is  formed  in  cells  of  the  pars  intermedia 
passing  towards  the  infundibulum  of  the  third  ventricle.  The  amount  of  colloid  has 
been  increased  as  the  result  of  removal  of  the  thyroid  nineteen  days  earlier. 

R 
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The  intermediate  part  is  formed  of  clear  cells  only  and  is  much 
less  vascular  than  the  anterior  part.  Its  cells  tend  to  undergo  a 
transformation  into  a  sort  of  "  colloid  "  material ;  a  mass  of  colloid 
being  sometimes  surrounded  by  untransformed  cells,  and  thus  present- 
ing a  superficial  resemblance  to  a  vesicle  of  the  thyroid  body.  The 
colloid  when  formed  passes  through  the  tissue  of  the  posterior  part  of 
the  organ  and  eventually  becomes  set  free  into  the  extension  of  the 
third  ventricle  which  projects  downwards  into  the  base  of  the  pituitary 
body  (Herring). 

The  colloid  is  increased  after  thyroidectomy,  but  does  not  contain 
organically  combined  iodine  as  does  the  colloid  of  the  thyroid  itself 

The  posterior  part  of  the  pituitary  body,  which  is  developed  from  the 
infundibulum  of  the  third  ventricle,  consists  chiefly  of  neuroglia.  In 
man  the  posterior  lobe  is  stated  to  contain  no  cells  in  the  adult  of 
distinctly  nervous  character,  but  it  receives  nerve-fibres  which  arise  from 
large  cells  in  the  grey  matter  just  behind  the  optic  chiasma ;  some 
of  these  fibres  penetrate  into  the  glandular  substance. 
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LESSONS  XXIV.  AND  XXV. 
THE  SKIN. 

1.  Sections  of  skin  from  the  palmar  surface  of  the  fingers.  The  skin  is 
hardened  in  picric  acid  or  formol,  followed  by  alcohol.  The  sections  are 
made  vertical  to  the  surface,  and  should  extend  down  as  far  as  the  sub- 
cutaneous tissue.  Notice  the  layers  of  the  epidei^mis  and  their  different 
behaviour  to  staining  fluids.  Notice  also  the  papillee  projecting  from  the 
corium  into  the  epidermis  and  look  for  tactile  corpuscles  within  them.  In 
very  thin  parts  of  the  sections  the  fine  intercellular  channels  in  the  deeper 
parts  of  the  epithelium  (see  Lesson  VII.)  may  be  seen  with  a  high  power.  The 
convoluted  tubes  of  the  sweat-glands  are  visible  here  and  there  in  the  deeper 
parts  of  the  corium,  and  in  thick  sections  the  corkscrew-like  channels  by 
which  the  sweat  is  conducted  through  the  epidermis  may  also  be  observed. 
Make  a  sketch  showing  the  general  structure  under  a  low  power,  and  other 
sketches  to  exhibit  the  most  important  details  under  a  high  power.  Measure 
the  thickness  of  the  epidermis  and  the  length  of  the  papillse. 

2.  Sections  of  the  skin  of  the  scalp,  vertical  to  the  surface  and  parallel 
to  the  slope  of  the  hair-follicles,  and  others  parallel  to  the  surface,  and 
therefore  across  the  hair-follicles.  Stain  and  mount  in  the  same  way  as  in 
the  last  preparation.    Examine  also  the  structure  of  the  hairs. 

In  these  preparations  the  details  of  structure  of  the  hairs  and  hair-follicles, 
together  with  the  sebaceous  glands  and  the  little  muscles  of  the  hair-follicles, 
are  to  be  made  out. 

3.  Vertical  sections  of  the  nail  and  nail-bed.  To  cut  such  hard  structures 
as  the  nail  it  is  best,  after  fixing  with  picric  acid  or  formol  followed  by  75 
p.c.  alcohol,  to  soak  the  tissue  in  strong  gum  arable  for  a  few  days,  then  place 
it  in  an  appropriate  position  upon  a  cork  or  upon  the  object- carrier  of  a 
microtome,  and  plunge  the  whole  into  70  per  cent,  alcohol.  This  renders  the 
gum  hard,  and  enables  sections  to  be  cut  of  sufficient  fineness.  A  plane  iron 
should  be  used  with  the  microtome,  since  the  hardness  of  the  nail  will  turn 
the  edge  of  a  razor.  To  remove  the  gum  the  sections  are  placed  in  water  for 
a  few  hours  ;  they  may  then  be  stained  and  mounted.  Notice  the  ridges 
(not  papillae)  of  the  corium,  projecting  into  the  epidermis.  .  Observe  also  the 
distinction  of  the  epidermis  into  Malpighian  layer  and  nail  proper. 

4.  Mount  a  section  from  a  portion  of  skin  in  which  the  blood-vessels  have 
been  injected,  and  notice  the  distribution  of  the  capillaries  to  the  sweat- 
glands,  to  the  hair-follicles,  and  to  the  papillary  surface  of  the  corium. 

.5.  The  cells  which  compose  the  nails  and  hairs  can  be  isolated  by  warming 
a  small  piece  of  nail  or  hair  in  strong  sidphuric  acid  ;  after  this  treatment 
the  cells  are  readily  separated  from  one  another  by  pressure  upon  the  cover- 
glass. 

6.  Sections  of  jnammary  gland  during  lactation.  The  gland  may  be  fixed 
in  Zencker's  fluid  (see  Appendix)  and  the  sections  stained  with  hfematoxylin 
and  eosin. 


The  skin  is  composed  of  two  parts,  epidermis  and  cutis  vera  (figs.  330, 
331). 
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The  epidermis,  or  scarf  skin,  is  a  stratified  epithelium  (fig.  332).  It 
IS  composed  of  a  number  of  layers  of  cells,  the  deeper  of  which  are 
soft  and  protoplasmic,  and  form  the  rete  mucosum  of  Malpighi,  whilst 
the  superficial  layers  are  hard  and  horny,  this  horny  portion  sometimes 
constituting  the  greater  part  of  the  thickness  of  the  epidermis.  The 
deepest  cells  of  the  rete  mucosum,  v,rhich  are  set  on  the  surface  of  the 
cutis  vera,  are  columnar  in  shape.  In  the  coloured  races  of  mankind 
these  cells  contain  pigment-granules.  In  the  layers  immediately  above 
them  the  cells  are  polyhedral.  Between  all  these  cells  of  the  rete 
mucosum  there  are  fine  intercellular  clefts  (see  fig.  74)  which  separate 
the  cells  from  one  another,  but  are  bridged  across  by  fibres  which  pass 
from  cell  to  cell,  and  also  through  the  substance  of  the  cells  (fig. 
75)  (Ranvier,  Del^pine).     The  intercellular  channels  serve  for  the 
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Fig.  330.— Section  of  skin  of  heel.  (Blaschko.) 

ep,  epidermis  ;  c,  cutis  vera;  d,  d,  ducts  of  sweat  glands;  d',  d',  their  openings  at  the 
surface  of  the  papillary  i-idge  ;  ^J,  Malpighian  layer  of  epidermis  thickened  opposite 
the  papillary  ridges,  where  it  dips  down  into  the  cutis  vera  (at  M',  M")  leaving 
prominences  of  the  cutis  between. 


passage  of  lymph,  and  within  them  lymph-corpuscles  may  occasionally 
be  found,  often  having  a  stellate  figure  from  becoming  shaped  to  the 
interstices. 

The  superficial  layer  of  the  rete  mucosum  is  formed  of  somewhat 
flattened  cells  filled  with  granules  or  droplets  of  a  material  (eleidin) 
which  stains  deeply  with  carmine  and  hsematoxylin  {stratum  granulosum, 
fig.  332  ;  fig.  333).  This  is  not  sharply  marked  off  from  the 
cells  of  the  rete  mucosum  which  lie  next  to  it,  for  many  of  these 
show  similar  granules,  although  they  less  completely  fill  the  cell. 
Superficial  to  the  stratum  granulosum  is  a  layer  in  which  the  cell- 
outlines  are  indistinct  and  the  cells  contain  flakes  or  larger  droplets  of 
a  hyaline  material  {Icerato-hyalm),  which  stain  less  intensely  than  the 
granules  in  the  last  layer,  and  which  tend  to  run  together.  This 
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layer  has  a  clear  appearance  in  section,  and  is  known  as  the  stratum 
lucidum.    Immediately  superficial  to  the  stratum  lucidum  is  the  Jwrny 


\ 


w.  •  '  %.f  vs-..-: 


stratum 
corneum 


rete  mucosum 


>•  cutis  vera 


i  ■  i 


sv^^eat  glands 


adipose  tissue 


Fig.  331. — Vertical  section  throogh  the  skin  of  the  sole  op  the  foot. 
Magnified  about  25  diameters. 

jvirt  (stratum  corneum)  of  the  epidermis.  It  is  composed  of  a  number 
of  layers  of  epithelium  cells,  the  nuclei  of  which  are  no  longer  visible. 
These  cells  near  the  surface  take  the  form  of  thin  horny  scales 
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which  eventually  become  detached  (fig.  334,  s).  In  certain  parts  which 
have  a  thick  epidermis  and  are  not  covered  with  hair  {e.g.  the  palms 
and  soles),  the  superficial  part  of  the  epidermis  is  a  layer  mainly 
formed  by  a  number  of  greatly  swollen  cells  {sw),  forming  collectively 
what  has  been  termed  the  ejntrichial  layer.  In  the  embryo  in  the 
second  and  third  month  of  intrauterine  life  it  covers  the  whole  body, 
but  is  thrown  off  where  hairs  are  developed. 


stratum 
corneum 

stratum  lucidum 
_x>'..4:ji»"scj  stratum 

"*^^''**'^*:jr  s  granulosura 


>rete  mucosum 


 >A  


,cutis  vera 


Fig.  332. — Vertical  skctton  through  the  skin  op  the  palmar  side  of 
the  finger,  showing  two  or  three  papill.e  (one  of  which  contains 

A    TACTILE    corpuscle)    AND    THE  DEEPER  LAYERS   OF    THE  EPIDERMIS. 

Magnified  about  200  diameters. 


The  growth  of  the  epidermis  takes  place  by  a  multiplication  of  the 
cells  of  the  deeper  layers.  The  newly  formed  cells,  as  they  grow,  push 
towards  the  surface  those  which  Avere  previouslj'^  formed,  and  in  their 
progress  the  latter  undergo  a  chemical  transformation,  which  converts 
their  fibrillated  protoplasm  into  horny  material  :  this  change  seems  to 
occur  just  at  and  above  the  stratum  granulosum  (see  fig.  332).  The 
granules  which  occupy  the  cells  of  the  stratum  granulosum  are 
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Fig.  333.— Portion  of  epidermis  from  a  section  of  the  skin  of  the  finger, 
COLOURED  with  picrooarmine.  (Rauvier.) 

«,  stratum  conieum ;  6,  stratum  lucidum  with  flakes  of  kei-ato-hyalin ;  c,  stratum 
granulosum,  the  cells  filled  with  drops  of  eleidin ;  d,  prickle-cells ;  c,  dentate 
projections  by  which  the  deepest  cells  of  the  epidermis  are  fixed  to  the  cutis  vera. 


Fig.  334.— Section  of  epidermis.  (Eanvier.) 

s,  superficial  horny  scales;  sw,  swollen  horny  cells  ;  s.l,  stratum  lucidum;  p,  prickle- 
cells,  several  rows  deep  ;  c,  elongated  cells  forming  a  single  stratum  near  the  corium  ; 
t.!ir,  stratum  granulosum  of  Langerhans,  just  liolow  the  stratum  lucidum.  Part 
of  a  plexus  of  nerve-fibres  is  ,scen  in  tlie  superficial  liiyer  of  the  cutis  vera.  l'"rom  this 
plexus  fine  varicose  nci  ve-fibrils  may  be  traced  passing  up  between  the  epithelium- 
cells  of  the  Malpighian  layer. 
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composed,  as  already  stated,  of  a  substance  termed  elei/lin,  which 
according  to  Eanvier  becomes  chemically  altered  and  transformed  into 
the  heratin  of  the  more  superficial  strata. 

No  blood-vessels  pass  into  the  epidermis,  but  it  receives  nerves 
which  ramify  between  the  cells  of  the  rete  mucosura  in  the  form  of 
fine  varicose  fibrils  (fig.  334).  In  some  parts  these  are  enlarged  at 
their  extremity  and  along  their  course,  into  menisci  which  lie  between 
the  deeper  epidermis  cells.  Such  terminations  are  seen  in  the  skin 
over  the  pig's  snout  (fig.  259)  and  in  the  root-sheaths  of  hairs.  They 


Fig.  33.5.— Section  of  the  skin  of  the  pulp  of  the  finger  of  a  child, 
stained  with  gold  chloride,  showing  nerves  terminating  in  .4n 
ivt-like  akborescence  at  the  surface  of  the  cutis  vera  and  in  the 

DEEPEST  PART  OF  THE  EPIDERMIS.     (Raiivier. ) 

p,  p,  outlines  of  papillse  ;  n,  n',  nerve-fibres  in  cutis  vera  ;  m,  terminal  menisci ; 

s,  duct  of  a  sweat-glaud. 

also  occur  in  the  skin  in  the  neighbourhood  of  the  entrance  of 
sweat-ducts  into  the  epidermis  (Eanvier)  (fig.  335). 

The  cutis  vera  or  corium  is  composed  of  dense  connective  tissue, 
which  becomes  more  open  and  reticular  in  its  texture  in  its  deeper 
part,  where  it  merges  into  the  subcutaneous  tissue.  It  is  thickest  over 
the  posterior  aspect  of  the  trunk,  whereas  the  epidermis  is  thickest  on 
the  palms  of  the  hands  and  soles  of  the  feet.  The  superficial  or 
vascular  layer  of  the  corium  bears  microscopic  papillce,  which  project  up 
into  the  epidermis,  which  is  moulded  over  them.  These  papillae  for 
the  most  part  contain  looped  capillary  vessels,  but  some,  especially 
those  of  the  palmar  surface  of  the  hand  and  fingers,   and  the 
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corresponding  part  of  the  foot,  contain  tactile  corpuscles,  to  which 
medullated  nerve-fibres  pass  (fig.  332). 

In  some  parts  of  the  body  (scrotum,  penis,  nipple,  and  its  areola), 
involuntary  muscular  tissue  occurs  in  the  deeper  portions  of  the  cutis 
vera,  and,  in  addition,  wherever  hairs  occur,  small  bundles  of  this  tissue 
are  attached  to  the  hair-follicles. 

The  blood-vessels  of  the  skin  are  distributed  almost  entirely  to  the 
surface,  where  they  form  a  close  capillary  network,  sending  up  loops 
into  the  papillse  (fig.  336).  Special  branches  are  also  distributed  to  the 
various  appendages  of  the  skin,  viz.  the  sweat-glands  and  hair-follicles, 


Fig.  336.— Duct  of  a  sweat-gland  passing  theough  the  epidermis. 
Magnified  200  diameters.    (Heitzmann. ) 

'p,  papillse  with  blood-vessels  injected ;  -r.m,  rete  mucosum  between  the  papillae ;  c,  c, 
stratum  corneum ;  s.g,  stratum  grunulosum ;  d,  d,  sweat-duet  passing  through 
epidermis. 

with  their  sebaceous  glands  and  little  muscles,  as  well  as  to  the  masses 
of  adipose  tissue  which  may  be  found  in  the  deeper  parts  of  the  cutis. 

The  lymphatics  originate  near  the  surface  in  a  network  of  vessels^ 
which  is  placed  a  little  deeper  than  the  blood-capillary  network.  They 
receive  branches  from  the  papillae,  and  pass  into  larger  vessels,  which 
are  valved,  and  which  run  in  the  deeper  or  reticular  part  of  the  corium. 
From  these  the  lymph  is  carried  away  by  still  larger  vessels,  which 
course  in  the  subcutaneous  tissue. 

The  appendages  of  the  skin  are  the  nails,  the  hairs,  with  their 
sebaceous  glands,  and  the  sweat-glands.  They  are  all  developed  as  thick- 
enings and  downgrowths  of  the  Malpighian  layer  of  the  epidermis. 
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The  Nails. 

The  nails  are  thickenings  of  the  deeper  part  of  the  stratum  corneum 
developed  over  a  specially  modified  portion  of  the  skin  (fig.  337),  which 
is  known  as  the  heel  of  the  nail,  the  depression  at  the  posterior  part  of 
the  nail-bed  from  which  the  root  of  the  nail  grows  being  known  as  the 
nail-groove.  The  part  of  the  bed  which  occupies  the  inner  or  central 
portion  of  the  groove  is  termed  the  nail-nuUrix,  since  it  is  from  this 

e  d 
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Fig.  337. — Longitudinal,  section  through  the  root  of  the  nail  and  its 
MATRIX.     Magnified  about  10  diameters. 

a,  root  of  nail ;  b,  Malpighian  layer  of  matrix  ;  c,  ridges  in  dermis  of  nail-bed  ;  ri,  eiJitrichial 
layer  of  epidermis ;  e,  eponycliium  ;  /,  bone  (terminal  phalanx)  of  finger. 

part  that  the  growth  of  the  nail  proceeds.  The  distal  part  of  the  nail 
forms  the  free  border,  and  is  the  thickest  part  of  the  body  of  the  nail. 
The  substance  of  the  nail  is  composed  of  clear  horny  cells,  some- 
what like  the  cells  of  the  stratum  lucidum  of  the  rest  of  the  epidermis. 
Each  contains  the  remains  of  a  nucleus.  The  nail  proper  rests 
immediately  upon  a  Malpighian  layer  similar  to  that  which  is  found  in 
the  epidermis  generall3^  but  destitute  of  a  defined  stratum  granulosum. 
Nevertheless,  in  the  more  superficial  cells  both  of  the  bed  and 
matrix  there  are  a  large  number  of  granules  to  be  seen,  which  appear  to 
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represent  those  of  the  stratum  granulosum  of  the  epidermis.  These 
granules  are,  however,  not  composed  of  eleidin,  but  of  a  material 
lonychogenic  substance,  Eanvier)  which  stains  brown  instead  of  red  with 
carmine ;  a  similar  material  occurs  in  the  cells  which  form  the  fibrous 
substance  and  cuticula  of  the  hairs.  The  corium  of  the  nail-bed 
is  beset  with  longitudinal  ridges  instead  of  the  papillae  which  are 


Fig.  338.— Section  through  end  op  finger  op  human  embryo  at  the  time 

OF  THE  COMMENCEMENT  OF  FORMATION  OF  THE  NAIL.  (Kolliker.) 

Notice  the  ossification  of  the  terminal  phalanx  beginning  at  the  tip  of  the  cartilage.  lu 
the  thickened  epidermis  over  this  the  commencing  nail  is  seen  as  a  dark  line. 


Fig.  339. — First  appearance  op  nail  sub.stance  in  the  form  of  granules 
of  onychogenic  material  in  some  of  thp  cells  covering  the  nail-bed. 
(Kolliker.) 

present  over  the  rest  of  the  skin  ;  these,  like  the  rest  of  the  superficial 
part  of  the  corium,  are  extremely  vascular. 

The  nail-bed  also  receives  many  nerve- fibres.  Some  of  these  end  in 
Pacinian  corpuscles,  whilst  others  ramify  in  the  ridges  of  the  corium, 
and  others  again  penetrate  amongst  the  deeper  epithelium  cells. 

The  nails  are  developed  in  the  fcetus  at  about  the  third  month 
(fig.  .338),  the  groove  being  formed  at  this  time  in  the  corium,  and  the 
nail  rudiment  appearing  in  it  as  a  development  of  onychogenic  substance 
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in  some  of  the  cells  of  the  epithelium,  which  lies  over  the  bed  (fig.  339). 
It  becomes  free  in  the  sixth  month,  its  free  end  being  at  first  thin,  but 
as  it  grows  forward  over  the  bed  it  receives  additions  on  its  under'  sur- 
face—at least  in  the  posterior  part  of  the  bed— so  that  after  a  time  the 
distal  end  becomes  thicker.  The  epitrichial  layer  of  the  cuticle  which 
originally  covered  the  developing  nail  becomes  detached  after  the  fifth 
month,  and,  after  birth,  only  remains  as  the  narrow  border  of  cuticle 
(eponychium)  which  overlies  the  lunula  at  the  root. 


Hairs. 

The  hairs  are  growths  of  the  epidermis,  developed  in  little  pits— 
the  hair-follicles — which  extend  downwards  into  the  deeper  part  of  the 

corium,  or  even  into  the  subcutaneous 
tissue.  The  hair  grows  from  the 
bottom  of  the  follicle,  the  part  which 
thus  lies  within  the  follicle  being 
known  as  the  root. 

The  substance  of  a  hair  is  mainly 
composed  of  a  pigmented,  horny, 
fibrous  material  (fig.  340,  /),  which  can 
be  separated  by  the  action  of  sul- 
phuric acid  into  long  tapering  fibril- 
lated  cells,  the  nuclei  of  which  are 
still  visible.  The  fibrous  substance 
of  the  hair  is  covered  by  a  layer 
of  delicate  imbricated  scales,  termed  the  hair-cuticle  (c).  In  many 
hairs,  but  not  in  all,  the  centre  is  occupied  by  an  axial  substance 
(medulla,  m),  formed  of  angular  cells  Avhich  contain  granules  of  eleidin, 
and  frequently  have  a  dark  appearance  from  the  presence  of  minute 
air-bubbles.  The  latter  may  also  occur  in  interstices  in  the  fibrous 
substance.  When  they  are  present,  the  hair  looks  white  by  reflected 
light.  The  root  has  the  same  structure  as  the  body  of  the  hair,  except 
at  its  extremity,  which  is  enlarged ;  this  enlargement  is  composed 
mainly  of  soft,  growing  cells,  and  fits  over  a  vascular  jMpilla,  which 
projects  up  into  the  bottom  of  the  follicle  (fig.  341). 

Structure  of  hair-follicle  (figs.  341  to  344). — The  follicle,  like  the  skin 
itself,  of  which  it  is  a  recess,  is  composed  of  two  p&vts :  one  epithelial, 
and  the  other  connective-tissue.  The  epithelial  or  epidermic  part  of 
the  follicle  closely  invests  the  hair-root,  and  is  often  in  great  part 
dragged  out  with  it ;  hence  it  is  known  as  the  root-sheath.  It  consists 
of  an  outer  layer  of  soft  columnar  and  polyhedral  cells,  like  the 


A  B 

m  f  c 


Fig.  340.— Piece  of  human  haul 
Magnified. 

A,  seeu  from  tbo  surface  ;  B,  in  optical 
section.  c,  cuticle ;  /,  fibrous  sub- 
stance ;  m,  medulla,  tbc  air  baving 
been  expelled  by  Canada  balsam. 
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Malpighian  layer  of  the  epidermis,  but  without  stratum  granulosum — 
the  outer  root-sheath ;  and  of  an  inner,  thinner,  horny  stratum  next 
to  the  hair — the  inner  root-sheath.  The  inner  root-sheath  itself  consists 
of  three  layers,  the  outermost  being  composed  of  horny,  fibrous,  oblong 
cells  the  nuclei  of  which  are  obscure  and  difficult  to  make  out  (Henle's 
layer),  the  next  of  polyhedral  nucleated  cells  containing  eleidin  (Huxley's 
layer),  and  the  third — the  cuHde  of  the  root-sheath — a  layer  of  down- 
wardly imbricated  scales,  which  fit  over  the  upwardly  imbricated  scales 


blood-vessels 

Fig.  341.— Diagram  to  explain  the  formation  of  a  hair.  (Maurer.) 

of  the  hair  itself.  In  the  more  superficial  part  of  the  hair-follicle  the 
layers  of  Huxley  and  Henle  are  indistinguishable,  the  cells  of  both 
bemg  clear  and  keratinised ;  even  lower  down  where  distinguishable 
they  show  a  tendency  to  dovetail  into  one  another.  At  the  bottom 
of  the  follicle  no  diff"erentiation  into  layers  can  be  made  out  in  the 
root-sheath,  which  is  here  formed  by  a  uniform  mass  of  soft  cells 
surrounding  the  papilla. 

In  the  greater  extent  of  the  follicle  the  outer  root-sheath  is  several 
layers  deep,  but  as  the  bottom  of  the  follicle  is  approached  it  becomes 
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thinner,  and  is  finally  reduced  to  a  single  stratum  of  cells  which 
becomes  flattened  out  into  a  very  thin  layer  in  the  papillarv  mrt 
(fig.  342,  L).  ^  ^ 

The  connective  tissue  or  dermic  part  of  the  hair-follicle  is  composed 
internally  of  a  vascular  layer,  which  is  separated  from  the  root-sheath 


hy 


1^  ^? 


Fig.  342. — Sections  across  haie-follicles  fhom  the  scalp  of  an  infant. 

I.  Through  papilla.  II.  Just  above  papilla.  III.  About  middle  of  follicle.  IV.  Near 
outer  part  of  follicle.  In  I.  : — ?>,  pajjilla ;  c,  epithelium  surrounding  papilla,  with 
pigment  in  cells;  hy,  hyaline  layer  of  dermic  coat  with  thin  outer  root-sheath  just 
within  it.  In  II.,  III.,  IV.:— o,  outer  root-sheath;  i'.  layer  of  Henle  and  i",  layer 
of  Huxley  of  the  Inner  root-sheath  ;  c,  cuticle  of  root-slieath  ;  li,  hair. 

by  a  basement-membrane  termed  the  hyaline  layer  of  the  follicle. 
This  inner  vascular  layer  corresponds  to  the  superficial  layer  of  the 
cutis  vera.  Its  fibres  and  cells  have  a  regular  circular  arrangement 
around  the  follicle,  the  cells  being  flattened  against  the  hyaline  layer. 
Externall}^  the  dermic  coat  of  the  follicle  has  a  more  open  texture, 
corresponding  to  the  deeper  part  of  the  cutis,  and  contains  the  larger 
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branches  of  the  arteries  and  veins.  In  the  large  tactile  hairs  of 
animals,  the  veins  near  the  bottom  of  the  follicle  are  dilated  into 
sinuses,  so  as  to  produce  a  kind  of  erectile  structure. 


0,  ^-  , 

\  r  e 


Fig.  343.— Longitudinal  section  of  a  hair-follicle.    Magnified  200  diameters. 
0,  outer ;  i,  inner  root-sheath  ;  h,  hair  ;  x,  part  shown  magnified  in  fig.  344. 

The  hair-follicle  receives  nerve-fibres  which  pass  into  the  papilla, 
and  others  which  enter  the  root-sheath.  These  last  are  derived  from 
the  superficial  nerves  of  the  corium  and  form  ring-like  arborisations 
in  the  upper  part  of  the  hair-follicle.     They  are  especially  well 
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Fig.  344. — A  small  portion  of  the  section  shown  in  fig.  343  enlarged 
TO  exhibit  the  structure  of  the  several  layers. 

ft,  hair  ;  c",  its  cuticle  ;  c',  cuticle  of  root-sheath ;  i",  Huxley' slayer ;  i',  Henle's  layer ; 
0,  outer  root-sheath  ;  hy,  hyaline  layer ;  d,  dermic  coat ;  /,  fat-cells. 


Fig.  345.— Nerves  and  nerve-endings  in  the  skin  and  hair-follicles. 

(G.  Retzius.) 

hst,  horny  stratum;  rm,  rete  Malpighii;  c,  superficial  ncrve-fibre  plexus  in  the  cu^ 
n,  cutaneous  nerve  ;  is,  inner  root-sheath  of  hair ;  as,  outer  root-sheath  ;  h,  han  ,  dr, 
sebaceous  glands. 
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developed  in  the  large  tactile  hairs  (whiskers)  of  animals  (figs.  345, 
347). 

The  hair  grows  from  the  bottom  of  the  follicle  by  multiplication 
of  the  soft  cells  which  cover  the  papilla,  these  cells  becoming  elongated 
and  pigmented  to  form  the  fibres  of  the  fibrous  substance,  and  other- 
wise modified  to  produce  the  medulla  and  cuticle  of  the  hair  and  the 
several  layers  of  the  root-sheath.  The  cells  which  form  the  medulla 
of  the  hair  and  the  inner  root-sheath  are  filled  with  granules  of  eleidin, 
but  those  which  form  the  fibrous  substance  and  cuticula  of  the  hair 


Fig.  346. — From  a  section  of  skin  prepared  by  the  chromate  of  silver 
method,  showing  the  upper  part  of  two  hairs  and  the  terminal 

arborisations    of     NERVE-FIBRES     IN     THEIR     ROOT-SHEATHS.  (Van 

Gehuchten.) 

have  granules  which  stain  brown  with  carmine,  and  appear  similar 
to  those  which  are  met  with  in  the  corresponding  cells  of  the  nail- 
matrix  (Ranvier)  (see  p.  267). 

On  the  side  to  which  the  hair  slopes  a  small  patch  of  richly  innervated 
thickened  epidermis  is  usually  to  be  found,  developed  over  an  enlarged 
papilla  of  the  cutis  vera  :  while  on  the  opposite  side  of  the  hair  is  a  flat 
area  of  .skin  with  thickened  scale-like  epidermis,  which  may  represent  a 
vestige  of  the  reptilian  scale  (Pinkus). 

The  hair-germs  when  they  first  appear  (as  at  «,  fig.  349)  are  singularly 
like  certain  tactile  patches  which  are  found  in  the  skin  of  amphibia 
and  .some  reptiles,  and  it  is  possible  that  hairs  have  become  developed 
phylogenetically  from  these  patches.  It  is  well  known  that  the  tactile 
sensibility  of  many  parts  of  the  skin  is  intimately  associated  with  the  hairs, 
where  these  occur,  although  parts  devoid  of  hairs  may  also  have  a  highly 
developed  sense  of  touch. 

S 
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Besides  the  hair-follicles  already  described,  which  are  provided  with 
a  papilla,  from  the  cells  on  the  surface  of  which  the  hair  and  its  inner 
root-sheath  grow  (growing  hairs,  papillated  hairs,  hairs  with  Mlow  bulb), 
there  are  many  hairs  which  are  unprovided  with  a  papilla  and  the 
follicle  of  which  ceases  at  the  level  of  attachment  of  the  arrector 
pili  muscle  (dub  hairs,  non-pa,piUated  hairs,  hairs  with  solid  bulb).  These 
are  hairs  which  have  lost  their  papilla  and  have  ceased  to  grow ;  they 
are  more  easily  eradicated  than  the  growing  hairs,  and  tend  to  fall  out 
spontaneously  after  a  time.    In  their  follicles  the  whole  of  the  lower 


Fig.  347.— Nerve  ending  in  outer  root-sheath  ok  tactile  hair  of  rabbit. 

(Ranvier.) 

n,  nerve-fibre  ;  m,  tactile  meniscus  ;  o,  outer  root-sheath  ;  i,  inner  root-sheath  ;  h,  hair ; 

hy,  hyaline  membrane. 

part,  including  the  original  papilla  and  the  soft  growing  cells  which 
cover  it,  have  entirely  disappeared,  the  hair  being  now  attached  at  its 
sides  and  below  to  the  root-sheath.  A  hair  which  has  thus  ceased  to 
grow  eventually  becomes  lost,  but  its  place  is  presently  supplied  by  a 
new  hair,  which  becomes  developed  in  a  down-growth  from  the  bottom 
of  the  follicle,  a  new  papilla  becoming  formed  at  the  extremity  of  the 
down-growth  (fig.  348).  If  not  previously  detached,  the  old  hair  is 
pushed  out  from  the  follicle  by  the  one  which  replaces  it. 

The  detachment  of  the  non-papillated  hairs  is  preceded  by  an  absorp- 
tion of  the  root  of  the  hair  and  of  the  investing  inner  root-sheath. 
This  absorption  appears  to  be  eifected  by  the  cells  of  the  outer-sheath, 
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which  multiply  at  the  expense  of  the  keratinised  parts  of  the  hair  root 
and  thus  undermine  its  attachment  to  the  follicle  (fig.  348). 

The  hairs  are  originally  developed  in  the  embryo  in  the  form  of 
small  solid  down-growths  from  the  Malpighian  layer  of  the  epidermis 


Fig.  348. — Longitudinal  section  through  the  follicle  op  a  haik  which 
has  ceased  to  grow  and  the  root  of  which  is  undergoing  absorp- 
TION.   Magnified  200  diameters. 

(fig.  349).  The  hair-germ,  as  it  is  called  (although  it  gives  rise  not 
only  to  the  hair  proper  but  also  to  the  epithelium-cells  of  the  hair- 
follicle),  is  at  first  composed  entirely  of  soft  growing  cells,  the  outermost 
and  deepest  having  a  columnar  shape ;  but  presently  those  in  the 
centre  become  differentiated,  so  as  to  produce  a  minute  hair  invested 
by  inner  root-sheath,  its  base  resting  upon  a  papilla  which,  has  become 
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inclosed  by  the  extremity  of  the  hair-germ  and  which  is  continuous 
with  the  connective  tissue  of  the  corium  (figs.  350,  351).  As  the  minute 
hair  grows,  it  pushes  its  way  through  the  layers  of  the  epidermis, 
which  it  finally  perforates,  the  epitrichial  layer  being  thrown  off 
(p.  262).  At  the  same  time  the  follicle  grows  more  deeply  into  the 
cutis  vera,  carrying  the  papilla  down  with  it. 

The  hair-rudim.ents  begin  to  appear  at  the  third  or  fourth  month  of 
foetal  life ;  their  growth  is  completed  about  the  fifth  or  sixth  month, 
and  the  fine  hairs  which  they  form  constitute  a  complete  hairy  cover- 
ing termed  the  laiiugo.  This  is  entirely  shed  within  a  few  months  of 
birth,  the  new  hairs  being  formed  in  down-growths  from  the  old  hair- 
follicles  in  the  manner  already  mentioned. 

ad  c  h 


.-(T  c 


Fig.  349.— Haik-gebms  in  a  section  of  the  scalp  of  a  human  foetus. 
(Szyraonowicz.)    Magnified  230  diameters. 

a,  commencing  down-growth  of  epidermis  ;  6,  further  stiige  of  down-grrowtli ;  c,  connec- 
tive-tissue cells  beginning  to  accumulate  to  produce  the  dermic  coat  of  the  follicle ; 
d,  hair-follicle  more  advanced  in  development ;  e,  section  of  a  blood-vessel. 

Hairs  grow  at  the  rate  of  half  an  inch  per  month.  They  are  found 
all  over  the  surface  of  the  body  except  on  the  palms  of  the  hands  and 
the  soles  of  the  feet,  and  on  the  distal  phalanges  of  the  fingers 
and  toes.  They  usually  slant,  and  in  the  negro  the  hair-follicles 
are  even  considerably  curved.  On  the  scalp  they  are  set  in  groups, 
as  is  well  seen  in  a  horizontal  section. 

The  hairs  of  animals  are  often  curiously  marked  by  the  arrangement  of 
their  medulla,  the  markings  being  characteristic  of  particular  species, 
lu  some  animals,  e.g.  the  mole,  the  hairs  have  a  varicose  form  with  alter- 
nate enlargements  and  constrictions.  In  human  hair  the  disappearance  of 
the  papilla  is  preceded  by  its  gradual  diminution  in  size,  and  during  this 
period  the  root  of  the  hair  is  becoming  gradually  more  slender  (Ranvier), 
so  that  when  such  a  hair  is  pulled  out  it  appears  to  be  of  least  diameter 
near  the  bulb,  instead  of  being  largest  there,  as  is  the  case  under  ordinary 
circumstances. 
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Muscles  of  the  hairs.— A  small  muscle  composed  of  bundles  of 
plain  muscular  tissue  is  attached  to  each  hair-follicle  {arredor  pili) ; 
it  passes  from  the  superficial  part  of  the 
corium,  on  the  side  to  which  the  hair 
slopes,  obliquely  downwards,  to  be 
attached  near  the  bottom  of  the  follicle 
to  a  projection  formed  by  a  localised 
hypertrophy  of  the  outer  root-sheath. 
When  the  muscle  contracts,  the  hair 
becomes  more  erect,  and  the  follicle 
is  dragged  upwards  so  as  to  cause  a 
prominence  on  the  general  surface  of 
the  skin,  whilst  the  part  of  the  corium 
from  which  the  little  muscle  arises 
is  correspondingly  depressed ;  the 
roughened  condition  known  as  'goose 
skin'  being  in  this  way  produced. 
There  is  always  a  sebaceous  gland  in 
the  triangle  formed  between  the 
arrector  pili,  the  mouth  of  the  hair- 
follicle,  and  the  epidermis,  so  that  the 
contraction  of  the  arrector  generally 
causes  the  secretion  of  the  gland 
to  be  extruded. 


Glands  of  the  Skin. 


44  MONTHS. 


Fig.  350.— Developing  hair  from 
human  embryo  of 
(Ranvier. ) 

p,  papilla  ;  /,  halr-rudiraent ;  i,  cells  from 
which  the  inner  root-sheath  is  becoming 
formed ;  k,  keratinised  part  of  inner 
root-sheath,  uncoloured  by  carmine ;  0, 
outer  root-sheath ;  6,  epithelial  projec- 
tion for  insertion  of  arrector  pili ;  s, 
sebaceous  gland  ;  t,  sebaceous  degenera- 
tion of  cells  in  the  part  which  will 
become  the  neck  of  the  follicle.  This 
forms  a  channel  for  the  passage  of  the 
hair-i^oint  through  the  Malpighian  layer. 


The  sebaceous  glands  (fig.  341)  are 
small  saccular  glands,  the  ducts  from 
which  open  into  the  mouths  of  the 
hair-follicles,  but  they  are  also  found 
in  a  few  situations  which  are  devoid  of 
hairs  (margin  of  lips,  labia  minora, 
glans,  and  prepuce).  The  Meibomian 
glands  of  the  eyelid  may  also  be  regarded  as  modified  sebaceous 
glands.  Both  the  duct  and  the  saccules  are  lined  by  epithelium, 
which  becomes  charged  with  fatty  matter.  This  sebaceous  matter 
is  discharged  into  the  cavity  of  the  saccule,  probably  owing  to  the 
disintegration  of  the  cells  within  which  it  is  formed.  There  may 
be  more  than  one  sebaceous  gland  attached  to  each  hair-follicle. 

The  sebaceous  glands  are  developed  as  outgrowths  from  the  outer 
root-sheaths  (figs.  350,  351,  s). 
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The  sweat-glands  are  abundant  over  the  whole  skin,  but  they  are 
most  numerous  on  the  palm  of  the  hand  and  on  the  sole  of  the 
foot.  They  are  composed  of  coiled  tubes,  which  lie  in  the  deeper  part 
of  the  integument  and  send  their  ducts  up  through  the  cutis  to  open 


-r 


Fig.  351. — Longitudinal  section  of  a  hair  with  its  follicle  from  a 
six-months'  human  embryo.  (Szymonowicz. )  Magnified  about  150 
diameters. 

p,  papilla  ;  h,  young  hair  ;  i,  inner  root-sheath ;  d,  dermic  coat  of  follicle  ;  o,  outer-root- 
sheath  ;  s,  sebaceous  gland  rudiment ;  b,  projection  for  insertion  of  arrector  pili. 

on  the  surface  by  corkscrew-like  channels  in  the  epidermis  (figs.  330, 
331,  336). 

The  glandular  or  secreting  tube  is  a  convoluted  tube  composed  of  a 
basement-membrane  lined  by  a  single  layer  of  cubical  or  columnar 
epithelium-cells,  and  with  a  layer  of  longitudinally  or  obliquely  disposed 
fibres  between  the  epithelium  and  basement-membrane  (fig.  352).  These 
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fibres  are  usually  regarded  as  muscular,  but  the  evidence  on  this  point 
is  not  conclusive.  The  secreting  tube  is  considerably  larger  than  the 
efferent  tube  or  duct,  which  begins  within  the  gland  and  usually  makes 
several  convolutions  before  leaving  the  gland  to  traverse  the  cutis  vera. 
The  efferent  tube  has  an  epithelium  consisting  of  two  or  three  layers  of 
cells,  within  which  is  a  well-marked  cuticular  lining,  but  there  is  no 
muscular  layer.  The  passage  through  the  epidermis  has  no  proper  wall, 
but  is  merely  a  channel  excavated  between  the  epithelium-cells.  Very 
large  sweat-glands  occur  in  the  axilla. 


Fig.  352.— Section  of  a  sweat-gland  in  the  skin  of  man. 
a,  o,  secreting  tube  in  section;  h,  a  coil  seen  from  above;  c,  c,  efferent  tube; 
d,  intertubular  connective  tissue  with  blood-vessels.     1,  basement-membrane; 
2,  muscular  fibres  cut  across ;  3,  secreting  epithelium  of  tubule. 


The  ceruminous  glands  of  the  ear  (fig.  353)  are  modified  sweat-glands. 
The  secretion  is  of  a  sebaceous  nature,  instead  of  being  watery  like 
that  of  the  ordinary  sweat-glands.  They  are  closely  associated  with 
large  sebaceous  glands  (fig.  3,54). 

The  sweat-glands  are  developed,  like  the  hairs,  from  down-growths 
of  the  Malpighian  layer  of  the  epidermis  into  the  corium.  They  are 
distinguishable  from  the  hair-germs  by  the  fact  that  the  cells  of  the 
outermost  layer  are  not  columnar  in  shape,  but  spheroidal  or  poly- 
hedral. The  sweat-gland  germs  which  are  thus  formed  become 
eventually  coiled  up  at  their  extremities  and  converted  into  hollow 
tubes.  The  muscular  fibres  of  the  tubes  as  well  as  the  secreting 
epithelium-cells  are  ectodermic  structures. 
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Fig.  353.— Section  of  ckruminous  gland  of  the  external  ear. 

Photograph. 

d,  duct  of  gland,  having  a  spiral  course  and  therefore  cut  several  times  :  it  is  partly  filled 
with  cerumen  :  secreting  tubules  of  gland  :  s,  extremity  of  a  tubule  of  a  sebaceous 
gland  which  extended  as  far  as  the  base  of  the  ceruminous  gl.aud. 


Fig.  354. — Section  showing  the  duct  of  a  ceruminous  gland  accompanied 

BY  the  secreting  TUBULES  OF  LARGE  SEBACEOUS  GLANDS. 
Photograph. 
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Fig.  355.— Section  of  mammary  gland  of  woman  during  lactation. 

(Testut,  after  de  Sinety. ) 

a,  lobule  of  gland  ;  b,  acini  lined  by  cubical  epithelium  ;  c,  duct ;  t,  connective-tissue 

stroma. 


Fig.  356.— Section  of  mammary  gland,  human,  in  full  activity. 
(v.  Ebner.)  xllO. 

a,  a',  a",  alveoli  varioualy  out,  and  distended  by  secretion  ;  g,  g',  commencing  ducts  ; 

i,  connective  tissue. 
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The  sweat-glands  receive  nerve-fibres,  and  each  gland  has  a  special 
cluster  of  capillary  blood-vessels. 

The  Mammary  Glands. 

The  mammary  glands  are  compound  racemose  glands  which  open 
by  numerous  ducts  upon  the  apex  of  the  nipple.  The  ducts  are 
dilated  into  small  reservoirs  just  before  reaching  the  nipple.  If 
traced  backwards,  they  are  found  to  commence  in  groups  of  saccular 
alveoli  (fig.  355).  The  walls  of  the  ducts  and  alveoli  are  formed  of 
a  basement-membrane  lined  by  a  simple  layer  of  flattened  epithelium 
(fig.  356).  Milk  globules  may  be  seen  within  the  alveoli  and  ducts, 
and  at  the  commencement  of  lactation  amoeboid  cells  containing 
fat-particles  appear  in  the  secretion  (colostrum  coiyuscles).  These  are 
probably  emigrated  leucocytes  similar  to  the  salivary  corpuscles  of 
saliva,  but  some  authors  have  looked  upon  them  as  epithelium-cells  or 
portions  of  epithelium-cells  which  have  become  detached  from  the 
general  lining  of  the  alveoli. 


Fig.  357. — An  .■vlveolus  with  fat-drops  in  cells,    (v.  Ebner.)  x360. 

e,  cells  of  alveolus ;      ceJls  forming  basket-like  basement  membrane,  m ;  i,  connective 

tissue. 

Development. —The  mammary  glands  are  developed  in  the  same 
manner  as  the  sweat-glands,  excepting  that  the  secreting  part  does  not 
become  convoluted  and  tubular.  In  the  virgin  mamma  they  show 
very  few  and  small  groups  of  alveoli,  but  as  pregnancy  advances 
the  gland  ducts  bud  out  extensively,  and  many  more  alveoli  are  formed 
and  undergo  enlargement,  until  the  greater  part  of  the  connective  tissue 
in  the  mammary  region  is  permeated  by  them.    In  sections  of  the 
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gland  they  may  be  seen  in  various  stages  of  development  (figs.  356, 
.358).    After  lactation  is  over  they  undergo  a  process  of  retrogression. 


Fig.  358.— Section  from  the  same  gland  as  that  shown  in  fig.  355 

(v.  Ebner.)  xUO. 

b,  connective  tissue ;  d,  undeveloped  alveoli ;  d',  partially  developed  alveoli  • 
g,  blood-vessels ;  m,  portion  of  larger  duct  with  two-layered  epithelium. 
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LESSON  XXVI 
STRUCTURE  OF  THE  HEART. 

\.  In  sections  through  the  wall  of  the  auricle  note  the  relative  thickness  of 
the  epicardium,  myocardium,  and  endocardium.  Observe  the  blood-vessels 
and  nerve  fibres  under  the  epicardium,  often  embedded  in  fat ;  here  and 
there  a  ganglion  may  be  seen  under  this  membrane.  Notice  also  the  elastic 
networks  under  both  the  pericardium  and  endocardium.  Make  a  general 
sketch  from  this  section. 

2.  In  sections  through  the  wall  of  the  ventricle  the  same  points  are  to  be 
noticed.  The  muscular  fibres  are  variously  cut.  In  those  which  are  cut 
longitudinally,  the  branching  of  the  fibres  and  their  union  both  laterally 
and  by  their  branches  may  be  seen.  Notice  also  that  although  the  fibres 
are  cross-striated  this  is  less  distinct  than  in  voluntary  muscle,  and  that  the 
nuclei  lie  near  the  centre  of  each  fibre.  Transverse"^ markings  may  also  be 
seen  passing  across  the  fibres  between  the  nuclei  ;  this  is  usually  taken  as 
indicating  a  division  into  cells.  The  endocardium  is  very  thin,  especially 
over  the  columnne  carnete. 

3.  Section  through  one  of  the  valves  of  the  heart.^ 

4.  If  a  portion  of  endocardium  of  the  sheep's  heart  is  spread  out  on  a  slide 
and  examined  in  salt  solution,  a  network  of  large  beaded  fibres  may  be  seen 
with  a  low  power  or  even  with  a  lens  ;  they  are  also  well  seen  in  sections. 
These  are  the  fibres  of  Purkinje  ;  they  are  formed  of  large,  square-looking 
cells,  usually  containing  two  nuclei,  and  having  striated  muscular  substance 
at  their  periphery.    The  fibres  of  Purkinje  may  also  be  seen  in  Sections. 

5.  The  lymphatics  of  the  heart  may  be  injected  with  Berlin  blue  by 
sticking  the  nozzle  of  the  injecting  syringe  into  the  muscular  substance,  in 
the  interstices  of  which  the  lymphatics  arise.  These  commencing  lymphatics 
lead  to  efferent  vessels  which  pass  under  the  eijicardium  towards  the  base 
of  the  heart. 

6.  The  epithelium  which  covers  the  epicardium,  and  that  which  lines  the 
endocardium,  may  be  studied  in  preparations  of  the  fresh  organ  which  have 
been  well  rinsed  with  distilled  water  ;  then  treated  with  nitrate  of  silver, 
again  I'insed,  and  subsequently  exposed  to  the  light  and  hardened  in  alcohol. 
Surface  sections  are  to  be  made  and  mounted  in  xylol  balsam  or  dammar. 


The  muscular  tissue  of  the  heart  {myocardium)  forms  the  main 
thickness  of  the  ventricles  and  also  of  parts  of  the  auricles.  It  is 
composed  of  a  network  of  fibres  which  are  formed  of  uninucleated 
transversely  striated  cells,  the  structure  of  which  has  already  been 
studied  (Lesson  XVIL). 

^The  appearances  which  are  to  be  studied  in  sections  1,  2,  and  3  can  all  be 
obtained  in  one  prepanxtion,  viz.  a  vertical'  section  including  a  portion  of  auricle 
and  ventricle  and  a  flap  of  the  intervening  auriculo-ventricular  valve. 
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In  the  interstices  of  the  muscular  bundles  there  is  ca  little  areolar 
tissue  in  which  run  the  very  numerous  blood-capillaries  and  the 
lacunar  lymphatics. 


Fig.  359  a,  b.  Fig.  360. 

Fig.  359  a,  b.— Sections  of  the  right  auricle. 

A,  Epicardium  and  adjacent  part  of  the  myocardium,    a,  serous  epitliolium  in  section  ; 

6,  connective  tissue  laj-er ;  c,  elastic  network  ;  d,  subserous  areolar  tissue  ;  e,  fat ; 
/,  section  of  a  blood-vessel ;  ff,  a  small  ganglion  ;  li,  muscular  fibres  of  the  myo- 
cardium ;  i,  intermuscular  areolar  tissue. 

B,  Endocardium  and  adjacent  layer  of  the  myocardium,    a,  lining  epithelium ;  6,  con- 

nective tissue  vpith  fine  elastic  fibres ;  c,  layer  with  coarser  elastic  fibres ;  d,  sub- 
endocardial connective  tissue  continuous  with  the  intermuscular  tissue  of  the 
myocardium  ;  k,  muscular  fibres  of  the  myocardium ;  vi,  plain  muscular  tissue  in 
the  endocardium. 

Fig.  360.— Section  through  one  op  the  flap.s  of  the  aortic  valve,  and 

part  of  the  CORRE.SPONniNG  .SINUS  OF  VALSALVA,  "WITH  THE  ADJOINING 
PART  OF  THE  VENTRICULAR  WALL.  (Horsley.) 

«,  endocardium,  prolonged  over  the  valve ;  b,  sub  endocardial  tissue ;  e,  fibrous  tissue 
of  the  valve,  thickened  at  c'  near  the  free  edge ;  d,  section  of  the  lunula ;  e,  section 
of  the  fibrous  ring ;  /,  muscular  fibres  of  the  ventricle  attached  to  it ;  g,  loose 
areolar  tissue  at  the  base  of  the  ventricle  ;  s.  K,  sinus  of  Valsalva  ;  1,  2,  S,  inner, 
middle,  and  outer  coats  of  the  aorta. 


286 


THE  ESSENTIALS  OF  HISTOLOGY. 


The  myocardium  is  covered  externally  by  a  layer  of  serous  mem- 
brane— the  epicardium  (cardiac  pericardium  fig.  359,  A) — composed 
like  other  serous  membranes,  of  connective  tissue  and  elastic  fibres, 


( 


c 


Fig.  361. — Fragment  of  the  network  of  purkinje's  fibres  from  the 

VENTRICULAR  ENDOCARDIUM  OF  THE  SHEEP.  (Ranvier.) 
c,  clear  cell  body  ;  ii,  nuclei ;  /,  striated  fibrils. 
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the  latter  being  most  numerous  in  its  deeper  parts.  Underneath 
epicardium  run  the  blood-vessels,  nerves,  and  lymphatic  vessels  of 
heart  embedded  in  areolar  and  adipose  tissue,  this  tissue  being  ( 
tinuous  with  that  which  lies  between  the  muscular  bundles ;  the 
surface  of  the  membrane  is  covered  by  serous  epithelium. 


Fig.  363. 


Fig.  364. 


Fig.  363. — Ending  of  non-medullated  nekve-fibees  (derived  feom  the 
sympathetic)  in  a  small  ganglion  of  the  heart.  (Dogiel.) 

The  ganglion  cells  are  not  represented. 

Fig.  364.— a  small  ganglion  from  the  heart,  showing  the  ganglion-cells 
AND  their  processes.   (Dogiel. ) 


The  endocardium  (fig.  359,  B)  has  a  structure  not  very  unlike  the 
pericardium.  It  is  lined  by  a  pavement-epithelium  (endothelium),, 
like  that  of  a  serous  membrane,  and  consists  of  connective  tissue  with 
elastic  fibres  in  its  deeper  part,  between  which  there  may,  in  some 
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parts,  be  found  a  few  plain  muscular  fibres.  Fat  is  sometimes  met  with 
under  the  endocardium. 

In  some  animals,  e.g.  the  sheep  and  ox,  large  beaded  fibres  are 
found  under  the  endocardium.  These  are  formed  of  clear  cells  joined 
both  end  to  end  and  laterally,  and  generally  containing  in  their  centre 
two  nuclei,  whilst  the  peripheral  part  of  the  cell  is  formed  of  cross- 
striated  muscular  tissue ;  the  chains  of  cells  form  the  fibres  of  PurUnje 
(fig.  361).  They  appear  to  be  cardiac  cells  which  have  undergone 
difierentiation  into  striated  muscle  substance  only  at  their  periphery, 
the  non-diff'erentiated  part  of  the  cell  having  continued  to  grow  until  it 


A. 


Fig.  365. — Teemination  of  an  afferent  nerve-fibre  in  the  endocardium. 

(A.  S.  Dogiel.) 

has  attained  a  considerable  size.  In  man  distinct  fibres  of  Purkinje 
are  not  seen,  but  the  innermost  muscular  fibres  of  the  ventricles  are 
larger  than  those  which  lie  more  externally :  they  also  undergo 
development  somewhat  later  (J.  B.  MacCallum), 

A  muscular  bundle  which  shows  less  ditFerentiation  than  the  rest  of  the 
cardiac  muscle  has  been  described  by  W.  His,  junr.,  Stanley  Kent  and 
others,  running  in  the  septum  and  affording  a  bridging  connection  between 
the  muscle  of  the  auricles  and  that  of  the  ventricles.  This  auriculo-ventricular 
bundle  is  commonly  believed  to  serve  to  jDropagate  the  contractions  of  the 
Auricles  to  the  ventricles  and  thus  to  maintain  their  regularity  of  rhythm  ; 
and  it  is  stated  that  when  the  bundle  in  question  is  severed  experiment- 
ally or  by  disease  this  propagation  is  no  longer  possible,  and  the  ventricles 
in  consequence  beat  with  a  much  slower  rhythm  than  the  auricles.  The 
accuracy  of  this  statement  is,  however,  denied  by  Kronecker,  who  regards 
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the  regularity  of  the  cardiac  contractions  as  a  function,  not  of  the  muscular 
substance  of  the  heart,  but  of  the  nerve-fibres,  which  are  distributed  to 
every  part  of  the  myocardium,  and  which  are  also  found  accompanying 
this  bundle. 

The  valves  of  the  heart  are  formed  of  folds  of  endocardium 
strengthened  by  fibrous  tissue  (fig.  360).  This  tissue  forms  a  thicken- 
ing near  the  free  edge  of  the  valve  (c).  At  the  base  of  the  auriculo- 
ventrieular  valves  the  muscular  tissue  of  the  auricle  may  be  found 
passing  a  short  distance  into  the  valve.  In  the  foetus  these  valves  are 
at  first  entirely  muscular. 

The  nerves  of  the  heart  are  seen  in  sections  underneath  the  epi- 
cardium  of  both  auricles  and  ventricles ;  in  the  former  situation  they 
are  connected  at  intervals  with  small  ganglia  (fig.  359,  A,  g;  figs.  362  to 
364).  The  axons  of  the  ganglion-cells  pass  to  the  muscular  substance, 
and  after  dividing  into  fine  fibrils,  end  in  enlarged  extremities,  which 
are  applied  directly  to  the  muscular  fibres  (fig.  268).  Other  medullated 
nerve-fibres,  which  are  probably  afferent,  terminate  in  complex  rami- 
fications in  the  endocardium  (fig.  365)  (Smirnow,  A.  S.  Dogiel). 

The  blood-vessels  of  the  heart  are  very  numerous,  and  the  veins  thin- 
walled,  retaining  the  capillary  structure  (endothelium  only)  in  vessels 
of  as  much  as  0-25  mm.  in  diameter.  They  are  accompanied  by 
numerous  lymph-vessels,  which  also  form  plexuses  under  the  cardiac 
pericardium  and  endocardium.  The  lymphatics  appear  to  be  in 
free  communication  with  the  spaces  of  the  interstitial  connective 
tissue  between  the  muscle  fibres. 
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LESSON  XXVII. 

THE  TRACHEA  AND  LUNGS. 

1.  In  sections  of  the  trachea  and  larynx,  notice  the  epithelium,  the  basement- 
membrane  (of  some  thickness  in  the  human  trachea),  the  lymphoid  tissue  of 
the  mucous  raembi^ane,  the  elastic  tissue  external  to  this,  and  lastly,  the 
fibrous  membrane  containing  the  cartilages.  In  the  raucous  membrane  and 
submucous  areolar  tissue  look  for  sections  of  mucous  glands,  ducts  of  which 
may  be  seen  opening  on  the  surface.  At  the  back  of  the  trachea  notice  the 
plain  muscular  fibres  transversely  arranged  ;  there  may  be  larger  mucous 
glands  external  to  these. 

2.  In  sections  of  lung  notice  the  sections  of  the  alveoli  collected  into  groups 
(air-sacs).  Find  sections  of  bronchial  tubes,  some  cut  longitudinally  and 
passing  at  their  extremities  into  the  alveolar  passages,  others  cut  across.  In 
each  tube  notice  the  ciliated  epithelium  internally.  Next  to  this  the  mucous 
membrane  containing  numerous  elastic  fibres  and  often  thrown  into  folds  : 
then  the  layer  of  circular  muscular  fibres,  and,  outside  this,  loose  fibrous 
tissue  in  which  in  larger  bronchial  tubes  pieces  of  cartilage  may  be  seen 
embedded.  Small  mucous  glands  may  also  be  observed  in  the  fibrous  tissue 
sending  their  ducts  through  the  other  layers  to  open  on  the  inner  surface. 
Notice  that  the  section  of  a  branch  of  the  pulmonary  artery  always  accom- 
panies a  section  of  a  bronchial  tube. 

In  the  sections  of  the  alveoli  observe  the  capillary  vessels  passing  from  one 
side  to  the  other  of  the  intervening  septa  ;  and  in  places  where  the  thin  wall 
of  an  alveolus  is  to  be  seen  in  the  section,  the  network  of  blood-capillaries 
upon  it.  Notice  within  the  alveoli  nucleated  corjDuscles  which  frequently 
contain  dark  particles  in  their  protoplasm.  They  are  amoeboid  cells  which 
have  migrated  from  the  blood-vessels  and  lymphatics,  and  have  taken  in 
inhaled  particles  of  carbon.  They  may  pass  back  into  the  lung  tissue,  for 
similar  cells  are  seen  in  this.  Make  a  sketch  of  part  of  the  wall  of  one 
or  more  bronchial  tubes  and  of  one  or  tM'o  of  the  alveoli. 

3.  In  sections  of  a  fresh  lung  the  air-cells  of  which  have  been  filled  with 
a  mixture  of  gelatine  and  nitrate  of  silver  solution  the  eiMthelium  of  the  alveoli 
may  be  studied.  The  sections  ai^e  made  with  the  freezing  microtome,  and 
mounted  in  glycerine,  which  should  be  warmed  after  the  cover-glass  is  applied 
in  order  to  melt  the  gelatine. 

4.  Mount  a  section  of  lung  in  which  the  pulmonary  vessels  have  been 
injected.  Study  the  general  arrangement  of  the  vessels  with  a  low  power, 
and  the  network  of  capillaries  of  the  alveoli  with  a  high  power.  Observe 
that  the  veins  run  ajmrt  from  the  arteries.  Sketch  the  capillary  network  of 
one  or  two  adjoining  alveoli. 


The  Trachea. 

The  trachea  or  wind-pipe  is  a  fibrous  and  muscular  tube,  the  wall 
tf-  of  which  is  rendered  somewhat  rigid  by  C-shaped  hoops  of  cartilage 
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which  are  embedded  in  the  fibrous  tissue.  The  muscular  tissue,  which 
is  of  the  plain  variety,  forms  a  flat  band,  the  fibres  of  which  run  trans- 
versely at  the  back  of  the  tube.  The  trachea  is  lined  by  a  mucous 
membrane  (fig.  366),  which  has  ciliated  epithelium  upon  its  inner 
surface  (fig.  367).  The  epithelium-cells,  which  have  been  already 
described  (Lesson  VIIL),  have  goblet  cells  amongst  them  :  they  rest 


Fig.  366. — Longitudinal  section  of  the  human  tbaohea,  including  poktions 
OF  two  caetilaginous  eings.    (Klein. )    Moderately  magnified. 

a,  ciliated  epithelium  ;  b,  basement-niembraue ;  c,  superficial  part  of  the  mucous  mem- 
brane, containing  the  sections  of  numerous  capillary  blood-vessels  and  much 
lymphoid  tissue ;  d,  deeper  part  of  the  mucous  membrane,  consisting  mainly  of 
elastic  fibres  ;  e,  submucous  areolar  tissue,  containing  the  larger  blood-vessels,  small 
mucous  glands  (their  ducts  and  alveoli  ai'e  seen  in  section),  fat,  etc.  ;  /,  fibrous  tissue 
investing  and  uniting  the  cartilages ;  g,  a  small  mass  of  adipose  tissue  in  the  fibrous 
layer ;  h,  cartilage. 

upon  a  thick  basement-membrane.  The  corium  of  the  mucous 
membrane  consists  of  areolar  and  lymphoid  tissue,  and  contains 
numerous  blood-vessels  and  lymphatics.  In  its  deepest  part  is  a  well- 
marked  layer  of  longitudinal  elastic  fibres.  Many  small  glands — 
mucous  and  mixed  mucous  and  serous — are  found  in  the  wall  of  the 
trachea.  They  may  lie  either  within  the  mucous  membrane  or  in 
the  submucous  areolar  tissue  or,  lastly,  at  the  back  of  the  trachea, 
outside  the  transverse  muscular  fibres. 
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Fig.  367. — Mucous  jiembeane  of  l.-^eynx,  more  AfAGNiFiED  than  ftg.  366. 

g,  a  goblet-cell  amongst  the  ciliated  epithelium  cells  ;  6,  basement-membrane  ; 
I,  lymphoid  tissue  ;  e,  elastic  iibres,  cut  acros.s. 


Fig.  368.— Longitudinal  section  theough  the  ventricle  of  the  larynx 

OF  A  child.  (Klein.) 

o  true  vocal  cord  ;  b,  false  vocal  cord  ;  c,  nodule  of  cartilage  ;  d,  ventricle  of  Morgagni ; 
/,  lymphoid  tissue ;      thyro-arytenoid  muscle. 
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The  two  divisions  of  the  trachea,  the  bronchi,  are  precisely  similar  in 
structure  to  the  main  tube. 

The  larynx  is  also  very  like  the  trachea  so  far  as  the  structure  of 
the  mucous  membrane  is  concernedr  It  is  lined  by  ciliated  epithelium, 
but  over  the  true  vocal  cords  and  upon  the  epiglottis,  as  well  as  here 
and  there  in  the  part  above  the  glottis,  stratified  epithelium  is  found ; 
and  taste-buds  may  occur  in  this  epithelium,  except  over  the  vocal 
cords.    Numerous  nerves  end  in  the  epithelium  (fig.  258). 

The  true  vocal  cords  are  composed  of  fine  elastic  fibres. 

Lymphoid  tissue  is  especially  abundant  in  the  mucous  membrane 
of  the  ventricle  of  Morgagni  (fig.  368,  cl),  and  a  large  number  of  mucous 
glands  open  into  this  cavity  and  into  that  of  the  sacculus,  which 
communicates  with  it. 

The  cartilages  of  the  trachea  and  the  thyroid,  cricoid  and  arytenoid 
cartilages  of  the  larynx  are  hyaline ;  all  these  are  liable  to  ossify  as 
age  advances.  The  epiglottis  and  the  cartilages  of  Santorini  and  of 
Wrisberg  are  composed  of  elastic  fibro-cartilage.  This  is  also 
the  case  Avith  the  uppermost  part  of  the  arytenoid  and  the  tip  of  the 
; ,  vocal  process  of  the  same  cartilage. 

The  Lungs. 

The  lungs  are  formed  by  the  ramifications  of  the  bronchial  tubes  and 
their  terminal  expansions,  which  form  groups  or  lobules  of  sacculated 
dilatations  {air-sacs,' infimdibula),  beset  everywhere  with  small  irregu- 
larly hemispherical  or  cubical  bulgings,  known  as  the  air-cells  or 
pulmonary  alveoli. 

The  bronchial  tubes  (figs.  369,  370,  371)  are  lined  (except  the 
terminal  bronchi)  by  ciliated  epithelium  which  rests  on  a  basement 
membrane.  External  to  this  is  the  corium  of  the  mucous  membrane, 
containing  a  large  number  of  longitudinal  elastic  fibres  and  some 
lymjAoid  tissue.  Outside  this  again  is  a  complete  layer  of  plain 
muscular  fibres  encircling  the  tube.  Next  comes  a  loose  fibrous  layer 
in  which,  in  the  larger  tubes  (fig.  369),  small  plates  of  cartilage 
are  embedded.    Mucous  glands  ai^e  also  present  in  this  tissue. 

The  extremities  of  the  bronchial  tubes  expand  into  passages,  the 
respiratory  bronchioles,  which  give  off  branches,  termed  alveolar  ducts  or 
terminal  bronchioles.  The  walls  of  these  are  beset  with  alveoli.  The 
terminal  bronchioles  lead  through  nearly  spherical  alveolated  dilata- 
tions (the  atria)  into  a  number  of  blind  and  often  funnel-shaped 
diverticula  completely  covered  with  alveoli ;  these  are  known  as  the 
infimdibula,  alveola/)'  sacs  or  air-sacs  (Waters).    The  arrangement  of 
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these  parts,  according  to  the  investigations  of  W.  S.  Miller,  is  as 
follows:  Two  or  more  air-sacs,  or  groups  of  alveoli,  open  into  a 
common  chamber  (atrium),  and  three  to  six  atria  into  an  alveolar  dud 
or  terminal  bronchiole.    The  latter  open  into  the  respiratory  bronchioles, 


Fig.  369.— Portion  of  a  transverse  section  of  a  bronchial  tube,  human, 
6  MM.  in  diameter.    (F.  E.  Schultze.)    Magnified  30  diameters. 

o,  cartilage  and  fibrous  layer  with  mucous  glands,  and,  in  the  outer  jsart,  a  little  fat ; 
in  the  middle,  the  duct  of  a  gland  opens  on  the  inner  surface  of  the  tube;  6, 
annular  layer  of  involuntary  muscular  fibres  ;  r,  elastic  layer,  the  elastic  fibres  in 
bundles  which  are  seen  cut  across  ;  rf,  columnar  ciliated  epithelium. 


Fig.  370. — Section  of  part  of  a  bronchial  tube.    Magnified  200  diameters. 


a,  ciliated  epithelium  ;  6,  basement-membrane  ;  c,  superficial  part  of  mucous  membrane, 
with  fine  elastic  fibres  ;  d,  deeper  part  with  numerous  coarser  fibres;  e,  plain  muscle 
of  bronchus  ;  /,  duct  of  gland  passing  through  mucous  membrane. 
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which  are  expanded  continuations  of  the  smallest  bronchi.  All  of 
these,  except  the  last  named,  are  beset  with  alveoli. 


Fig.  371.— Section  of  a  small  bbonchial  tube,  human.    (Sobotta.)  x280. 
The  elastic  fibres  ot  the  mucous  membrane  are  stained. 


Fig.  372. — Cast  of  lobule  op  dog's  lung  showing  a  single  infundibulum 
OR  AIR-SAC.    (W.'S.  Miller.) 

A,  atrium ;  V,  vestibule  or  end  of  alveolar  duct  leading  to  atrium  ;  S,  air-sac  (infundi- 
bulum); P,  section  ot  the  neck  of  a  second  air-sao  (cut  away).  The  irregular 
"projections  on  the  atrium  and  infundibula  are  the  alveoli. 


The  epithelium  changes  in  character  in  the  alveolar  ducts ;  from 
columnar  and  ciliated  it  becomes  cubical  and  non-ciliated,  and  there 
are  patches  of  the  respiratory  epithelium  (see  below)  not  only  in  the 
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alveoli  which  beset  the  ducts,  but  also  elsewhci-e  in  their  wall.  The 
plain  muscular  tissue  of  the  bronchiole  is  continued  on  the  walls  of 
the  alveolar  ducts,  but  not  on  those  of  the  atria,  although  some 
occurs  round  the  mouths  of  the  atria  and  even  of  the  alveoli. 


V  s 


b 


Fig.  373. — Section  of  lung  (human),  low  powek.   (F.  Merkel.) 

a,  arterj';  v,  vein  ;  h,  respiratory  bronchiole  opening  into  alveolar  duct,  which,  com- 
municates with  groups  of  alveoli  (air-sacs,  s). 

The  alveoli  are  lined  by  large  irregular  flattened  cells  (fig.  375), 
which  form  an  extremely  delicate  layer  (respiratory  epithelium), 
separating  the  blood-capillaries  from  the  air  within  the  alveoli. 
Amongst  the  flattened  cells  are  here  and  there  groups  of  smaller  and 
thicker  (cubical)  epithelium-cells.  The  capillary  network  of  the  alveoli 
is  very  close  (fig.  376),  and  the  capillary  vessels  of  adjoining  alveoli  are 
in  complete  continuity,  the  vessels  passing  first  to  one  side  and  then 
to  the  other  of  the  septa  which  separate  the  adjacent  alveoli.  Outside 
the  epithelium  a  thin  layer  of  connective  tissue  (basement  membrane  1) 
forms  the  wall  of  each  alveolus.    Elastic  fibres  are  numerous  around 
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Fig.  374.— Diagram  of  the  ending  of  a  bronchial  tube.    (W.  S.  Miller.) 

B,  terminal  bronchiole ;  V,  vestibule  ;  A,  atrium  ;  S,  air-sac  (iiifundibulum) ;  C,  air-cell 
(alveolus);  P,  ending  of  pulmonary  arteriole;  T,  commencement  of  pulmonary 
venule. 


Fig.  375.— Section  of  part  of  cat's  lung,  .stained  with  nitrate  of  silver. 

(Klein.)    Highly  magnified. 

Both  the  cubical  and  the  largo  flattened  cells  of  the  alveoli  are  shown.  In  the  middle 
IS  a  section  of  a  lobular  bronchial  tube,  with  a  patch  of  cubical  epithelium  cells 
at  one  side. 
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the  mouths  of  the  alveoli,  and  a  certain  number  course  over  the  wall 
of  each  alveolus. 

Blood-vessels.— Branches  of  the  pulmonary  artery  accompany  the 
bronchial  tubes  to  be  distributed  to  the  capillary  networks  upon  the 
alveoli,  from  which  the  blood  is  returned  by  the  pulmonary  veins. 
An  arteriole  runs  with  each  terminal  bronchiole,  and,  dividing  into  as 
many  branches  as  there  are  atria,  is  distributed  to  the  capillary  net- 
works of  all  the  air-eells  with  which  the  bronchiole  is  connected 
(Miller).  From  these  networks  one  or  two  venules  collect  the  blood, 
usually  coursing  (independently  of  the  arteriole)  on  the  outer  border 
of  the  group  of  infundibula,  and  unite  with  other  venules  to  form 


Fig.  376. — Section  of  injected  lung  of  rabbit,  inclcuing  seveual  contiguods 
ALVEOLI.    (Szymonowicz.)    Magnified  300  diameters. 

efferent  veins.  The  venules  of  the  superficial  lobules  are  connected 
with  a  vascular  network  at  the  surface  of  the  lung  underneath  the 
pleura.  This  network  is  also  supplied  from  the  bronchial  arteries. 
The  veins,  pursuing  a  separate  course  through  the  tissue  of  the  lung, 
join  with  others  to  form  larger  vessels  which  pass  to  the  root  of  the 
lung.  Branches  from  the  bronchial  arteries  are  distributed  to  the  walls 
of  the  bronchial  tubes,  and  to  the  connective  tissue  of  the  lung, 
including  that  of  the  pleura.  Bronchial  veins  accompany  the  bronchial 
arteries  to  the  larger  tubes,  but  most  of  the  blood  brought  to  the  lungs 
by  the  bronchial  arteries  is  returned  by  the  pulmonary  veins.  Con- 
nective tissue  intervenes  everywhere  in  small  quantity  between  the 
infundibula  (interstitial  tissue),  and  forms  a  distinct  layer,  containing 
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much  elastic  tissue,  covering  the  surface  of  the  lung  underneath  the 
serous  membrane  (subserous  tissue).  In  some  animals  {e.g.  guinea-pig) 
the  subserous  layer  contains  plain  muscular  tissue,  which  is  especially 
developed  near  the  lung-apex ;  it  has  not  been  detected  in  man. 

The  lymphatics  of  the  lung  accompany  the  bronchial  tubes,  the 
branches  of  the  pulmonary  artery,  and  the  branches  of  the  pulmonary 
vein  ;  and  they  also  form  a  network  in  the  pleura.  The  atria  and 
air-sacs  have  no  lymphatics  in  their  walls  (Miller).  The  bronchial 
lymphatics  are  less  superficial  than  the  corresponding  blood-vessels. 
The  larger  tubes  have  two  plexuses,  one  within  the  other  outside  the 
cartilages.  The  smaller  have  only  one  set.  The  lymphatics  of  the 
bronchi  are  connected  with  those  of  the  arteries  and  veins  by  lateral 
branches  curving  off  at  the  divarications  of  the  tubes ;  at  these  points 
there  is  usually  an  accumulation  of  lymphoid  tissue.  The  larger 
arteries  and  veins  have  two  accompanying  lymphatics,  the  smaller  only 
one.  All  the  lymphatics  tend  towards  the  hilus,  and  enter  lymphatic 
glands  at  the  root  of  the  lung.  Those  in  the  pleura  have  been  said  to 
communicate,  by  means  of  stomata  between  the  epithelial  cells  of  the 
serous  membrane,  with  the  cavity  of  the  pleura ;  this  connection  is 
denied  by  Miller.  The  lymphatics  of  the  pleura  are  furnished  with 
numerous  valves. 

The  pleura,  which  covers  the  surface  of  the  lung,  has  the  usual 
structure  of  a  serous  membrane  (p.  230  and  fig.  298).  It  is  provided 
with  a  special  network  of  blood-vessels,  which  is  supplied  partly  from 
the  pulmonary  vessels  of  the  superficial  lobules,  partly  from  the 
bronchial  arteries. 

The  lung  is  developed  in  the  same  manner  as  a  secretory  -gland,  to 
which,  up  to  a  certain  period  of  formation,  it  bears  a  close  resemblance. 
Its  alveoli  correspond  with  those  of  a  racemose  gland,  and  the  cells 
which  line  them  are,  prior  to  the  introduction  of  air,  of  some  thickness 
and  of  protoplasmic  nature.  It  is  only  after  the  organ  has  come  into 
use  for  respiration  that  they  acquire  the  thin  flattened  scaly  appearance 
which  most  of  them  present  in  the  adult  lung. 
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LESSON  XXVIII. 
STRUCTURE  AND  DEVELOPMENT  OF  TEE  TEETH. 

1.  Study  first  with  the  low  power  and  afterwards  with  the  high  power  a 
longitudinal  section  of  a  human  tooth  which  has  been  prepared  by  grinding. 
It  is  better  to  purchase  this  specimen,  for  the  process  of  preparation  is 
difficult  and  tedious  without  the  aid  of  special  apparatus.  Examine  care- 
fully the  enamel,  the  dentine,  and  the  cement.  The  dark  appearance  of  the 
dentinal  tubules  is  due  to  their  containing  air  in  the  dried  specimen. 
Measure  the  diameter  of  the  enamel  prisms  and  of  some  of  the  dentinal 
tubules.    Make  sketches  from  each  of  the  tissues. 

2.  Section  of  a  tooth  in  situ,  which  has  been  decalcified  after  fixation,  and 
stained.  In  this  section  the  mode  of  implantation  of  a  tooth,  as  well  as  the 
structure  of  the  pulp,  can  be  made  out.  Make  a  general  sketch  under  a  low 
power,  and  under  a  high  jDower  draw  a  small  piece  of  tlie  pulp  showing  the 
processes  of  the  odontoblasts  extending  into  the  dentinal  tubules. 

3.  The  development  of  the  teeth  and  the  formation  of  their  tissues  are 
studied  in  sections  made  across  the  snout  and  lower  jaw  of  foetal  and  young 
animals.  The  preparations  may  be  stained  in  bulk  or  the  individual  sections 
may  be  stained. 


The  Teeth. 

A  tooth  consists  in  man  of  three  calcified  tissues ;  enamel,  which 
is  of  epithelial  origin,  dentine,  and  cement  or  crusta  ])etrosa.  The 
dentine  forms  the  main  substance  of  a  tooth,  the  enamel  covers  the 
crown,  and  the  cement  is  a  layer  of  bone  which  invests  the  root 
(figs.  377  to  379). 

Enamel  is  formed  of  elongated  hexagonal  prisms  (figs.  380,  381), 
which  are  set  vertically,  or  with  a  slight  curvature,  upon  the  surface 
of  the  dentine.  They  are  marked  at  tolerably  regular  intervals  with 
slight  transverse  shadings  producing  an  indistinct  cross-striated  appear- 
ance. Sometimes  coloured  lines  run  through  the  enamel  across  the 
direction  of  its  prisms.  The  enamel  prisms  have  when  first  laid  down 
a  fibrous  structure,  but  this  becomes  obscured  after  their  calcification 
is  complete.  C.  Tomes  has  shown  that  the  enamel  of  the  fully  formed 
tooth  contains  only  an  extremely  minute  proportion  of  animal  matter : 
practically  it  is  wholly  composed  of  earthy  matter  (lime  salts). 

Dentine  is  constituted  of  a  hard  dense  substance  like  bone,  but 
containing  ho  Haversian  canals  or  lacunfe.  It  is  pierced  everywhere 
by  fine  canaliculi  {dentinal  tubules,  fig.  382),  radiating  outwards  from  a 
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central  cavity  which,  during  life,  contains  the  pulp.  The  tubules 
branch  at  acute  angles  as  they  pass  outwards ;  their  branches  become 
gradually  finer  towards  the  periphery  of  the  dentine.  The  dentinal 
tubules  are  occupied  by  processes  of  the  odontoblasts  (p.  305). 


Fig.  377.— Vertical  section  of  a  tooth  in  situ.  (Walcleyer.) 

c,  is  placed  in  the  pulp-cavity,  opposite  the  cervix  or  neck  of  the  tooth ;  the  part 
above  is  the  crown,  that  below  is  the  root  (fang).  1,  enamel  with  radial  and 
concentric  markings  ;  2,  dentine  with  tubules  and  incremental  lines  ;  3,  cement 
or  crusta  potrosa,  with  bone  corpuscles  ;  U,  dental  periosteum  ;  5,  bone  of  lower  jaw. 


The  tubules  have  a  proper  wall  of  their  own,  which  can  be  isolated 
by  steeping  a  section  of  tooth  in  strong  hydrochloric  acid.  In  the 
living  tooth  they  are  occupied  by  protoplasmic  fibres  (Tomes'  fibres), 
which  are  prolonged  from  the  superficial  cells  of  the  pulp. 
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The  intertubular  substance  appears  for  the  most  part  homogeneous, 
It  here  and  there  indications  can  be  seen  in  it  of  a  globular  forma- 
)n.    This  is  especially  the  case  near  the  surface  of  the  dentine, 


Fig.  378. — Section  of  molar  tooth.   (Sobotta.)  x8. 
E,  enamel;  D,  dentine  ;  C,  cement;  P,  pulp  cavity. 
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where  the  globular  deposit  and  the  interglobular  spaces  may  produce 
a  granular  appearance  {granular  layer,  fig.  379,  g),  and  also  in  the 
course  of  certain  lines  or  clefts  which  are  seen  traversing  the  dentnie 
across  the  direction  of  the  tubules  {interglobular  spaces,  incremental  lines, 


Fig.  379.— Cross-section  of  root  of  canine  tooth,  human. 
(Sobotta.)  X25. 
D,  dentine ;  6,  its  granular  layer ;  C,  cement ;  P,  pulp  cavity. 


fig.  377,  shown  magnified  in  fig.  384).  After  decalcification  the 
dentine  can  be  separated  into  lamellse  along  these  incremental  lines. 

The  animal  matter  of  dentine  resembles  bone  and  the  connective 
tissues  generally  in  having  its  ground-substance  pervaded  by  fibres 
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which  yield  gelatine  on  boiling.  These  fibres,  which  have  been 
especially  investigated  by  v.  Ebner  and  by  Mummery,  are  difficult  of 
demonstration  in  the  fully  calcified  dentine ;  but  in  developing  dentine 


Fig,  380.— Section  through  the  enamel  of  a  tooth.    Magnified  200 

diameters.  (Rauber.) 

<i,  projection  of  dentine,  showing  some  of  its  tubules,  b,  penetrating  into  the  enamel; 
c,  c,  enamel  fibres  cut  longitudinally  ;  d,  d,  prisms  cut  transversely ;  e,  cuticle  of  the 
enamel. 


Fig.  381.— Enamel  pkisms.    Magnified  350  diameters.  (Kolliker.) 

A  Fragments  and  single  fibres  of  the  enamel,  isolated  ))y  the  action  of  hydrochloric  acid. 
b',  Surface  of  a  small  fragment  of  enamel,  showing  the  hexagonal  ends  of  the  fibres. 
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and  in  dentine  which  is  attacked  by  caries,  they  are  more  easily 
shown.    They  run  for  the  most  part  parallel  to  the  surface. 

The  pulp  (fig.  385)  consists  of  a  soft,  somewhat  jelly-like,  connective 
tissue,  containing  many  branched  cells,  a  network  of  blood-vessels,  and 


Fig.  382.  Fig.  334. 

Fig.  382.— Section  of  fang,  pakallel  to  dentinal  tubules.  Magnified 

300  diameters.  (Waldeyer.) 

1,  cement,  with  large  bone  laeunas  and  indications  of  lamellpp ;  2,  granular  layer  of 
Purkinje  (interglobular  spaces) ;  3,  dentinal  tubules. 


Fig.  383.— Sections  op  dentinal  tubules.    Magnified  about  300  diameters. 

(Fraenckel.) 
a,  out  across ;  b,  out  obliquely. 

Fig.  384.— a  small  poktion  op  dentine  with  inteeglobulab  spaces. 
Magnified  350  diameters  (Kolliker.) 

c,  portion  of  incremental  line  formed  by  the  intei'globular  spaces,  which  are  here  filled 

up  by  a  transparent  material. 

many  nerve-fibres  which  pass  into  the  pulp-cavity  along  with  the  blood- 
vessels by  a  minute  canal  at  the  apex  of  the  fang.  The  superficial 
cells  of  the  pulp  form  an  almost  continuous  layer,  like  an  epithelium 
•(fig.  385,  Od,  Od').    They  are  known  as  odontoblasts,  from  having  been 
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concerned  in  the  formation  of  the  dentine.  The  nerve-fibres  are  said 
to  pass  eventually  between  the  odontoblasts  and  to  end  in  arborisa- 
tions close  to  the  dentine,  but  they  have  not  been  followed  into  the 
dentinal  tubules. 

The  crusta  petrosa  (fig.  379,  382)  is  a  layer  of  lamellated  bone, 
including  lacunae  and  canaliculi,  but  without  Haversian  canals,  at  least 
normally,  in  the  human  teeth.  It  is  covered  with  periosteum  {dental 
periosieum),  which  also  lines  the  socket,  and  serves  to  fix  the  tooth 
securely. 


Fig.  385. — Section  across  the  root  of  a  young  tooth  showing  the  pulp 

IN  SITU.  (Rose.) 

P,  pulp  ;  y,  V,  veins  ;  A,  A,  A,  ai'terioles ;  N,  nerve  bundles  ;  Od,  columnar  odontoblasts 
still  depositing  dentine ;  Od',  flattened  odontoblasts  which  have  ceased  to  form 
dentine. 

Formation  of  thie  teeth.. — The  teeth  are  developed  somewhat  similarly 
to  the  hairs.  A  continuous  thickening  of  the  epithelium  occurs  along  the 
line  of  the  gums,  and  grows  into  the  corium  of  the  mucous  membrane 
(common  dental  germ  or  dental  lamina,  fig,  386,  a).  At  regular  intervals 
there  is  yet  a  further  thickening  and  growth  from  the  common  germ, 
into  the  tissue  of  the  mucous  membrane,  each  of  these  special  rudi- 
ments, which  are  ten  in  number,  swelling  out  below  into  a  flask-shaped 
mass  of  cells,  the  special  denial  germ  (fig.  386,  b)  of  a  milk-tooth.  The 
intermediate  parts  of  the  dental  lamina  long  remain,  forming  a  common 
epithelial  strand  uniting  the  several  special  dental  germs  to  one  another 
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and  to  the  epithelium  covering  the  gum  (fig.  386,  0,  D,/).  A  vascular 
papilla  is  continued  from  the  corium  into  the  bottom  of  each  special 


Fig.  386. 

A.  Section  acrcss  the  upper  jaw  of  a  fcetal  sheep,  3  centimeters  long. 

( Waldeyer.) 

1,  common  dental  lamina  dipping  down  into  the  mucous  membrane  where  it  is  half  sur- 
rounded by  a  horseshoe-shaped  more  dense-looking  tissue,  the  germ  of  the  dentine 
and  dental  sac ;  2,  palatine  process  of  the  maxilla. 

B.  Section  from  fcetal  calf  similar  to  that  shown  in  A,  but  passing  through 

ONE  OF  THE  SPECIAL  DENTAL  GERMS  HERE  BECOMING  PLASK-SHAPBD.  (Rose.) 
a,  epithelium  of  mouth,  thickened  at  b,  above  special  denial  germ  ;  c,  papilla:  d,  special 
dental  germ  ;  e,  enamel  epithelium  ;  /,  dental  sac. 

C  ANij  D.  Sections  at  later  stages  than  A  and  B,  the  papilla  having 

BECOME    FORMED     AND     HAVING    BECOME    PARTLY    SURROUNDED    BY  THE 

epithelial  germ.  (Kollikur.) 

c,  epithelium  of  gum,  sketched  in  outline ;  /,  neck  of  dental  germ  ;  /,  enamel  organ  ;  e, 
its  deeper  columnar  colls  ;  e',  projectious  into  the  corium  ;  p,  paijilla ;  s,  dental  sac 
forming.    In  D,  the  dental  germ  (//>)  of  the  corresponding  permanent  tooth  is  seen. 
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germ  (fig.  386,  c,  D,^) ;  this  papilla  has  the  shape  of  the  crwvn  of  the 
future  tooth.  Each  special  dental  germ,  with  its  included  papilla, 
presently  becomes  almost  entirely  cut  off  from  the  epithelium  of  the 
mouth,  and  surrounded  by  a  vascular  membrane— the  dental  sac. 
The  papilla  becomes  transformed  into  the  dentine  and  pulp  of  the 
future  tooth,  and  the  enamel  is  deposited  upon  its  surface  by  the 
epithelial  cells  of  the  dental  germ.  The  root  of  the  tooth,  with  its 
covering  of  cement,  is  formed  at  a  later  period,  when  the  tooth  is 
beginning  to  grow  up  through  the  gum,  by  a  gradual  elongation  of  the 
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Fig.  387. — Section  of  a  developing  incisor  tooth  of  a  hdman  embryo. 
(Eose)   The  section  also  includes  the  germ  of  the  adjacent  tooth. 

DK,  dental  papilla ;  od,  odontoblasts ;  b,  bone  of  jaw ;  e,  e',  outer  and  inner  layers  of 
enamel-organ  ;  S.P.,  enamel  pulp  ;  d.f.,  dental  furrow;  c,  remain-s  of  common  dental 
germ  or  lamina ;  n,  neck  or  bridge  of  cells  connecting  this  witb  the  enamel-organ ; 
m.e.,  mouth-epitheUum  ;  e",  enamel  organ  of  adjacent  tooth-germ  ;  r,  resen'e  germ 
of  permanent  tooth. 


base  of  the  papilla.  The  shaping  of  this  into  the  form  of  the  root  is 
determined  by  a  growth  of  the  epithelium  of  the  edge  of  the  enamel 
germ,  which  extends  in  the  form  of  a  fold  (the  epitlielial  sheath  of 
V.  Brunn)  towards  the  future  apex  of  each  fang. 

Previously  to  the  deposition  of  the  enamel,  the  dental  germ  under- 
goes a  peculiar  transformation  of  its  previously  polyhedral  epithelium- 
cells  into  three  layers  of  modified  cells.  One  of  these  is  a  layer  of 
columnar  cells  {ameloblasts,  fig.  388,  a),  immediately  covering  the  surface 
of  the  dentine.  The  enamel-prisms  are  produced  by  a  fibrous  forma- 
tion (fig.  389,  /)  followed  by  a  deposition  of  calcareous  salts ;  these 
changes  taking  place  altogether  external  to  the  cells  (or,  as  some  hold, 
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by  a  direct  calcification  of  their  protoplasm).  The  cells  next  to  the 
dental  sac  form  a  single  layer  of  cubical  epithelium  (fig.  387,  e),  and 
nearly  all  the  other  cells  of  the  dental  germ  become  transformed  into 
branching  corpuscles  (fig.  387,  SP ;  fig.  388,  p)  communicating  by 
their  processes,  and  thus  forming  a  continuous  network.  The  dental 
germ,  after  it  is  thus  modified,  is  known  as  the  enamel  organ. 

The  deniine  of  the  tooth  is  formed  by  calcification  of  the  surface  of 
the  papilla.  At  this  surface  there  is  a  well-marked  layer  of  odonto- 
blasts (fig.  390,  od;  fig.  391,  c),  and  these  produce  a  layer  of  fibrillated 
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Fig.  389. 


Fig.  388. — Section  showing  the  structure  of  the  part  op  the  enamel 

ORGAN  WHICH  LIES  NEXT  TO  THE  DENTINE.  (Rose.) 

d,  dentine ;  e,  newly  foi-med  enamel  stained  black  by  osmic  acid ;  2\  Tomes'  processes 
from  the  ameloblasts,  a;  str.  int.,  stratum  intermedium  of  enamel-organ;  p, 
branched  cells  of  enamel  jjulp. 

Fig.  389. — Developing  enamel  showing  ameloblast.s  and  the  fibrous  sub- 
stance PRODUCED  BY  THESE  CELLS,   WHICH    FORMS  THE  BASIS  OP  THE 

ENAMEL  PRISMS.    (From  a  photograph  by  Leon  Williams. ) 
a,  portions  of  the  ameloblasts  ;  /,  fibrous  basis  of  enamel  prisms  ;  e,  calcified  part  of  enamel. 


dentinal  matrix  which  forms  a  sort  of  cap  to  the  papilla,  and  which 
soon  becomes  calcified  by  the  deposition  of  globules  of  calcareous 
matter.  Processes  of  the  odontoblasts  remain  in  the  dentine  as  it  is 
forming,  and  thus  the  dentinal  tubules  are  produced.  Subsequently 
other  layers  of  dentine  are  formed  within  the  first  by  a  repetition  of  the 
same  process,  and  in  this  way  the  papilla  gradually  becomes  calcified. 
A  part,  however,  remains  unaltered  in  the  centre  of  the  tooth,  and 
with  its  covering  of  odontoblasts  forms  the  pulp. 

The  ten  milk-teeth  are  formed  in  each  jaw  in  the  manner  described. 
These,  however,  become  lost  within  a  few  years  after  birth,  and  are 
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replaced  by  permanent  teeth  in  mucli  the  same  way  that  a  new  succes- 
sion of  hair  occurs.  A  small  outgrowth  takes  place  at  an  early  period 
from  the  dental  germ  close  to  each  of  the  milk-teeth  (fig.  386,  D,  fp). 


Fig.  390. — Part  of  a  section  of  developing  tooth  of  pig.    (v.  KorflF.) 

<i,  ameloblasts  ;  d,  fibres  of  the  first  formed  layer  of  dentine  ;  od,  odontoblasts  ;  p,  pulp. 
The  fibres  of  the  pulp  are  seen  to  be  in  continuity  with  those  which  enter  into  the 
formation  of  the  dentine. 


Fig.  391. — Part  of  section  of  developing  tooth  op  young  rat,  showing 
THE  MODE  OF  DEPOSITION  OF  THE  DENTINE.    Highly  magnified. 

a  outer  layer  of  fully  calcified  dentine  ;  6,  uucalcified  matrix,  with  a  few  nodules  of 
calcareous  matter ;  c,  odontoblasts  with  processes  extending  into  the  dentine ;  d, 
pulp.  The  section  being  stained,  the  uncalcified  matrix  is  coloui-ed,  but  not  the 
calcified  part. 

and  this  eventually  becomes  the  germ  of  the  corresponding  permanent 
tooth.  It  gradually  enlarges,  acquires  a  papilla,  forms  an  enamel 
organ  :  in  short,  passes  through  the  same  phases  of  development  as 


FOEMATION  OF  THE  TEETH. 


311 


the  germ  of  the  milk-tooth ;  and  when  the  milk-tooth  drops  out  of  the 
jaw  in  consequence  of  the  absorption  of  its  roots  (by  osteoclasts)  the 
permanent  tooth  grows  up  into  its  place. 

There  are  six  permanent  teeth  in  each  jaw  which  do  not  succeed 
milk-teeth  ;  these  are  the  permanent  molars.  They  are  developed  from 
an  extension  backwards  on  each  side  of  the  jaw  of  the  original  epithelial 
thickening  or  common  dental  germ  and  by  the  downgrowth  from  this 
into  the  corium  of  three  successive  special  germs  at  comparatively  long 
intervals  of  time.  Within  these  the  tissues  of  the  permanent  molars 
become  formed  in  a  manner  exactly  similar  to  that  in  which  the 
milk-teeth  are  developed. 
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LESSON  XXIX. 

THE  TONGUE  AND  THE  GUSTATORY  ORGANS.  THE  MUCOUS 
MEMBRANE  OF  THE  MOUTH.  THE  PHARYNX  AND 
(ESOPHAGUS. 

1.  Sections  of  the  tongue  vertical  to  the  surface,  stained  with  hsematoxylin 
and  eosin.  The  sections  should  be  taken  from  different  parts  and  include  all 
three  kinds  of  papillae. 

2.  Sections  of  injected  tongue. 

3.  Sections  of  the  papilla  foliata  of  the  rabbit,  stained  with  haematoxylin 
and  eosin  to  show  the  taste-buds  in  situ. 

The  cells  composing  the  taste-buds  are  studied  by  teasing  osmic  prepara- 
tions of  the  papilla  foliata  ;  the  nerve-endings  are  seen  in  sections  of  papillae 
foliatae  which  have  been  treated  by  Golgi's  osmic-bichromate-silver  method. 

4.  Sections  of  the  pharynx  and  of  the  oesophagus  stained  with  hsema- 
toxylin and  eosin. 


The  tongue  is  mainly  composed  of  striated  muscular  fibres,  running 
some  longitudinally,  and  others  transversely.  It  is  covered  by  a  mucous 
membrane,  the  epithelium  of  which,  like  that  of  the  rest  of  the  mouth, 
is  thick  and  stratified,  and  conceals  microscopic  papillae  (fig.  392)  like 
those  of  the  skin.  Besides  these,  the  upper  surface  of  the  organ  is 
covered  with  larger  papillte,  which  give  it  a  rough  appearance.  These, 
which  are  termed  the  lingual  papillce,  are  of  three  kinds:  (1)  About 
twelve  or  thirteen  comparatively  large  circular  projections,  each  of 
which  is  surrounded  by  a  narrow  groove  (fossa),  external  to  which 
che  mucous  membrane  is  raised  above  the  general  level  (vallum) 
(fig.  393).  These  papillse  form  a  V-shaped  line  towards  the  back  of 
the  tongue ;  they  receive  filaments  of  the  glosso-pharyngeal  nerve, 
and  have  taste-buds  in  the  epithelium  which  covers  their  sides,  and 
in  that  of  the  side  of  the  vallum.  They  are  known  as  the  circumvalkte 
papillce.  (2)  All  the  rest  of  the  papillary  surface  of  the  tongue  is 
covered  by  conical  papillce,  so  named  from  the  conical  pointed' cap  of 
epithelium  which  is  borne  by  each ;  sometimes  this  cap  is  fringed 
with  fine  epithelial  filaments,  when  they  are  termed  Jilifm-m  (fig.  394). 
(3)  Scattered  here  and  there  amongst  the  conical  papillae  are  other 
larger  papillae,  the  fungiform  (fig.  395).  These  are  very  vascular,  and 
lie  partly  embedded  in  little  depressions  of  the  mucous  membrane. 

Small  tubular  glands  may  be  seen  between  the  superficial  muscular 
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fibres  sending  their  ducts  to  the  surface.  Most  of  them  secrete  mucus, 
but  those  which  open  into  the  trenches  of  the  circumvallate  papillae, 


Fig.  392.— Section  of 
mucous  membrane 
of  mouth,  showing 
three  microscopic 
papillj;  and  stra- 
tified epithelium. 
The  blood-vessels 
h.ave  been  injected. 
(Toldt.) 


Fig.  393. — Section  of  circumvallate  papilla, 

HUMAN.  The  figure  includes  one  SIDE  OF  THE 
PAPILLA    AND    THE    ADJOINING    PART    OF  THE 

VALLUM.  Magnified  150  diameters.  (Heitzmann.) 

E,  epithelium ;  Q,  taste-bud  ;  C,  corium  with  injected 
blood-vessels ;  M,  gland  with  duct. 


Fig.  394.— Section  of  two  filiform 
PAPILLAE,  HUMAN.  (Heitzmann.) 

E,  eiiitlielium  ;  C,  oorium  ;  L,  lymphoid 
tissue  ;  M,  muscular  fibres  of  tongue. 


Fig.  395.— Section  of  fungiform  papilla, 
HUMAN.  (Heitzmann.)  Letters  as  in 
previous  figure. 
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and  a  few  others  elsewhere,  yield  an  albuminous  secretion  (serous  rjlands, 
glands  of  Ebner). 

The  mucous  membrane  at  the  back  of  the  tongue  contains  a  large 
amount  of  lymphoid  tissue. 

Taste-buds.— The  minute  gustatory  organs  which  are  known  as  taste- 
buds  or  taste-bulbs  may  be  seen  in  sections  which  pass  through  the 


Fig.  396.— Tongue  oi'  rabbit,  showing  the  situation  of  the 

PAPILL^fE  FOLIATiE,  p. 


Fig.  397. — Veetical  section  op  papilla  foliata  of  the  rabbit,  passing 
ACROSS  the  foli.«.  (Ranvier.) 

p,  central  lamina  of  the  coi'ium  ;  v,  section  across  a  vein,  which  traverses  the  folium  ; 
p',  lateral  lamina  in  which  the  nervo-fibres  run  ;  g,  taste-bud  ;  n,  sections  of  neiTe- 
bundles  ;  a,  serous  gland. 

papillae  vallatse  or  the  papillfe  fungiformes ;  they  are  also  present  here 
and  there  in  the  epithelium  of  the  general  mucous  membrane  of  the 
tongue,  especially  at  the  back  and  sides,  and  occur  also  upon  the  under 
surface  of  the  soft  palate,  and  on  the  epiglottis.  But  they  are  most 
easily  studied  in  the  papillae  foliatae  of  the  rabbit,  two  small  oval  areas 
lying  on  either  side  of  the  back  of  the  tongue  and  marked  transversely 
with  a  number  of  small  ridges  or  laminae  with  intervening  furrows 
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(see  fig.  396).  Sections  across  the  ridges  show  numerous  taste-buds 
embedded  in  the  thick  epithelium  which  clothes  their  sides  (fig.  397).^ 

The  taste-buds  are  ovoid  clusters  of  epithelium-cells  which  lie  m 
cavities  in  the  stratified  epithelium  (fig.  398).  The  base  of  the  taste- 
bud  rests  upon  the  corium  of  the  mucous  membrane,  and  receives  a 
branch  of  the  glosso-pharyngeal  nerve ;  the  apex  is  narrow  and  com- 

23  ll 


Fig.  398.— a  taste-bud  within  the  stratified  epithelium  of  the 
TONGUE    (Sobotta.)  xoOO. 

g,  gustatory  ceUs ;  «,  sustentacular  ceUs  ;  ep,  epithelium  ;  p,  gaistatoi-y  pore ;  h,  hairlets. 
I 


Fig.  399. — Various  cells  from  taste-bud  of  rabbit.  (Engelmann.) 

600  diameters. 

a,  four  gristatory  cells  from  central  part ;  b,  two  sustentacular  cells,  and  one  gustatory 
cell,  in  connection  ;  c,  throe  sustentacular  cells. 

raunicates  with  the  cavity  of  the  mouth  by  a  small  pore  in  the  superficial 
epithelium  {gustatory  pore,  fig.  398,  p). 

The  cells  which  compose  the  taste-buds  are  of  two  kinds,  viz. :  1 .  The 
gustatory  cells  (fig.  399,  a),  which  are  delicate  fusiform  or  bipolar  cells 
composed  of  the  cell-body  or  nucleated  enlargement,  and  of  two  pro- 
cesses, one  distal,  the  other  proximal.  The  distal  process  is  nearly 
straight,  and  passes  towards  the  apex  of  the  taste-bud,  where  it 
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terminates  in  a  small,  highly  refracting  cilium-like  appendage,  which 
projects  into  the  gustatory  pore  above  mentioned,  but  the  cell-body 

does  not  itself  quite  reach  the  pore.  The 
proximal  process  is  more  delicate  than  the 
other,  and  is  often  branched  and  varicose. 
The  nerve-fibres  (fig.  400)  terminate  in 
ramifications  amongst  the  gustatory  cells 
(Retzius).  2.  The  sustentacular  cells  (fig. 
399,  c),  which  are  elongated  cells,  mostly 
flattened,  and  pointed  at  their  ends;  they 
lie  between  the  gustatory  cells,  which  they 
thus  appear  to  support,  and  in  addition  they 
form  a  sort  of  envelope  or  covering  to  the 
taste-bud.  Between  the  cells  of  the  taste- 
bud  lymph-corpuscles  are  often  seen,  having 
probably  wandered  hither  from  the  subjacent 
mucous  membrane.  Connective-tissue  fibrils 
penetrate  between  the  taste-bud  and  the 
stratified  epithelium  in  which  it  is  embedded 
(Drasch). 

The  mucous  membrane  of  the  mouth  is 

lined  by  a  stratified  epithelium  (fig.  401)  into 
which  microscopic  vascular  and,  in  some  parts, 
nerve-containing  papillae  project.  The  corium  is  formed  of  connective 
tissue  and  contains  within  and  beneath  it  a  large  number  of  small 
secretory  glands  (buccal  glands).  Most  of  these  secrete  mucus,  but 
some  are  of  the  mixed  type  (see  under  salivary  glands,  p.  325) :  this  is 
the  case,  for  example,  with  the  glands  of  the  lips.  The  ducts  of  the 
buccal  glands  open  everywhere  upon  the  surface  of  the  membrane,  and 
the  openings  of  the  large  ducts  belonging  to  the  salivary  glands  are 
also  seen  at  certain  parts. 

The  pharynx  is  composed  of  a  fibrous  membrane  which  is  encircled 
by  striated  muscles,  the  constrictors,  and  lined  by  mtico^ts  membrane. 
The  mucous  membrane  is  covered  on  its  inner  surface  over  the 
upper  part  of  the  pharynx  with  ciliated  epithelium,  which  is 
continuous  with  that  of  the  nostrils,  and  through  the  Eustachian 
tube  with  that  of  the  tympanum.  Below  the  level  of  the  soft  palate 
the  epithelium  is  stratified  like  that  of  the  mouth  and  gullet,  into 
which  it  passes.  In  certain  parts  the  mucous  membrane  contains  a 
large  amount  of  lymphoid  tissue,  and  there  are  numerous  glands 
opening  on  its  surface. 

The  oesophagus  or  gullet,  which  passes  from  the  pharynx  to  the 


Fig.  400. — Nerve  -  endings 
IN  TASTK-BUDS.  (G.  Retzius. ) 

11,  nerve-fibres ;  b,  taste-buds  in 
outline ;  i,  ending  of  fibrils 
within  taste-bud ;  p,  ending 
in  epithelium  between  taste- 
buds  ;  s,  sulcus  into  which  the 
gustatory  pores  open. 
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stomach,  consists,  like  the  pharynx,  of  a  fibrous  covering,  a  muscular 
coat,  a  lining  mucous  membrane,  and  intervening  connective  tissue 
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Fig.  401.— Section  of  the  stratified  epithelium  of  the  fauces  of  the 
RABBIT.    Magnified  240  diameters. 


Fig.  402. — Section  of  the  human  cesophagus.  (Horsley.) 

The  section  is  transverse,  and  from  near  the  middle  of  the  gullet,  o,  fibrous  covering ; 
6,  divided  fibres  of  the  longitudinal  mu.soular  coat ;  c,  transverse  muaoular  fibres ; 
(I,  submucous  or  areolar  layer ;  e,  muscularis  mucosie ;  /,  mucous  membrane  with 
papillsB  ;  laminated  cpitheUal  lining ;  h,  mucous  gland  ;  i,  gland  duct ;  wl,  striated 
muscular  fibres ^n  section. 
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(submucous  or  areolar  coat)  (fig.  402).  The  muscular  coat  is  much  more 
regularly  arranged  than  that  of  the  pharynx,  and  is  composed  of 
striated  muscle  in  about  its  upper  third  only,  the  rest  being  of  the 
plain  variety.  There  are  two  layers  of  the  muscular  coat— an  outer 
layer,  in  which  the  fibres  run  longitudinally,  and  an  inner,  in  which 
they  have  a  circular  arrangement.  The  mucous  membrane  is  lined  by 
a  stratified  epithelium,  into  which  microscopic  papillae  from  the  corium 
project.  The  corium  is  formed  of  areolar  tissue,  and  its  limits  are 
marked  externally  by  a  narrow  layer  of  longitudinally  disposed  plain 
muscular  fibres,  the  muscularis  mucosce.  This  is  separated  from  the 
proper  muscular  coat  by  the  areolar  coat,  which  contains  the  larger 
branches  of  the  blood-vessels  and  lymphatics,  and  also  the  mucous 
glands  of  the  membrane.  The  ducts  of  these  glands  are  large 
and  usually  pass  through  a  nodule  of  lymphoid  tissue,  lymph-cells 
from  which  infiltrate  the  epithelium  of  the  duct  and  may  pass  out 
into  its  lumen. 

Besides  these  mucous  glands,  there  are  met  Avith  both  at  the 
upper  or  laryngeal  part  of  the  oesophagus  and  at  the  lower  or 
cardiac  end  a  certain  number  of  small  tubulo-racemose  glands  of 
a  different  character.  They  are  confined  to  the  mucous  membrane, 
not  penetrating  the  muscularis  mucosae,  and  their  ducts  open  upon 
and  not  between  the  papilla  of  the  mucous  membrane.  They  closely 
resemble  the  cardiac  glands  of  the  stomach  (see  fig.  418,  p.  329),  and 
it  is  frequently  found  that  the  epithelium  of  the  surface  in  the 
immediate  neighbourhood  of  their  ducts  is  similar  to  that  lining  the 
stomach. 

There  are  two  ganglionated  nerve-plexuses,  one  in  the  muscular  coat 
and  one  in  the  submucous  coat,  like  those  of  the  intestine  (Klein). 
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LESSON  XXX. 
THE  SALIVARY  GLANDS. 

1.  Sections  of  the  submaxillary  gland  (dog).  The  gland  may  be  hardened 
in  alcohol  or  formol  and  stained  with  hsematoxylin-eosin  or  with  iron  htBma- 
toxylin  by  Heidenhain's  method.  Notice  the  acini  filled  with  clear  (mucus- 
secreting)  cells,  the  nuclei  of  which  usually  lie  near  the  basement-membrane. 
Notice  here  and  there,  outside  the  clear  cells,  demilunes  or  crescents  of  small 
darkly  stained  granular-looking  (albuminous)  cells.  Observe  also  the  sections 
of  the  ducts  with  their  striated  columnar  epithelium.  If  possible  find  a 
place  where  one  of  the  ducts  is  passing  into  the  alveoli.  Sketch  under  a 
high  power. 

2.  Study  sections  of  the  parotid  and  sublingual  glands  prepared  in  a 
similar  way,  and  notice  the  differences  between  the  three  glands. 

3.  Examine  small  pieces  of  both  submaxillary  and  parotid  gland  of  the 
dog  fresh  in  2  per  cent,  salt  solution.  In  the  submaxillary  gland  notice 
that  the  alveolar  cells  are  swollen  out  with  large  granules  or  droplets  of 
mucigen,  which  swell  up  in  water  to  form  large  clear  vacuoles.  Dilute 
acids  and  alkalies  produce  a  similar  change,  but  more  rapidly.  The  cells  of 
the  parotid  gland  are  also  filled  with  granules,  but  they  are  smaller.  The 
granules  are  also  swollen  up  and  dissolved  by  these  fluids.  Make  a  sketch 
from  each  preparation  under  a  high  power. 

4.  To  study  the  changes  which  the  alveolar  cells  undergo  during  secretion, 
pilocarpine  is  administered  to  an  animal  in  sufficient  amount  to  produce 
copious  salivation  ;  after  half  an  hour  the  animal  is  killed  and  its  salivary 
glands  are  examined  as  in  preparation  3.  The  granules  are  not  seen  in  pre- 
parations that  have  been  in  alcohol,  but  osmic  acid  preserves  them  moderately 
well ;  they  are  well  seen  in  sections  from  picric  hardened  glands. 


The  salivary  glands  may  be  looked  upon  as  typical  of  secreting 
glands  in  general.  They  are  composed  of  a  number  of  lohules  bound 
together  loosely  by  connective  tissue.  Each  small  lobule  is  formed 
of  a  group  of  irregularly  saccular  or  tubular  alveoli  or  acini  from  which 
a  duct  passes,  and  this,  after  uniting  with  other  ducts,  eventually  leaves 
the  gland  to  open  upon  the  surface  of  the  mucous  membrane  of  the 
mouth. 

The  alveoli  are  inclosed  by  a  basement-membrane,  which  has 
flattened  branched  cells  on  its  inner  surface,  next  to  the  epithelium 
(fig.  403).  It  may  be  shown  by  teasing  the  fresh  gland  substance  in 
water  (Langley).  This  basement-membrane  is  continued  along  the 
ducts.  Within  it  is  the  epithelium,  which  in  the  alveoli  is  composed 
of  polyhedral  cells  (fig.  404,  a),  but  in  the  ducts  is  regularly  columnar. 
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except  in  that  part  of  the  duct  which  immediately  opens  into  the 
alveoli  {junctional  part);  in  this  it  is  flattened  {cl').  The  columnar 
epithelium  of  the  ducts  is  peculiar,  in  that  the  cells  show  a  distinction 
into  two  unequal  zones,  an  outer,  larger,  striated  zone,  and  an  inner, 
smaller,  granular  one  (fig.  404,  d). 


Fig.  403.  — Membkana  propria  op  two  alveoli,    (v.  Ebner.)  x600. 

The  preparation  is  taken  from  a  mucous  gland  of  the  rabbit. 


Fig.  404.— Section  of  the  submaxillary  gland  of  the  dog,  showing  the 
COMMENCEMENT  OF  A  DUCT  IN  THE  ALVEOLI.    Magnified  425  diameters. 

«,  one  of  the  alveoli,  several  of  which  are  in  the  section  shown  grouped  around  the  com- 
mencement of  tlie  duct  d' ;  a',  an  alveolus,  not  opened  by  the  section  ;  b,  basement- 
membrane  in  section  ;  c,  interstitial  connective  tissue  of  the  gland ;  </,  section  of  a 
duct  which  has  passed  away  from  the  alveoli,  and  is  now  lined  with  characteristically 
striated  columnar  cells  ;  s,  semilunar  group  of  darkly  stained  cells  at  the  periphery 
of  an  alveolus. 

The  cells  of  the  alveoli  differ  according  to  the  substance  they  secrete. 
In  alveoli  which  secrete  mucus,  such  as  all  the  alveoli  of  the  dog's 
submaxillary  (fig.  404),  and  some  of  the  alveoli  of  the  same  gland  in 
man  (fig.  407),  the  cells,  if  examined  in  normal  saline  solution  or  after 
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hardening  with  alcohol,  are  clear  and  swollen.  But  if  examined 
rapidly  in  serum,  or  in  solutions  of  salt  of  from  2  to  5  per  cent., 
they  are  often  seen  to  be  occupied  by  large  and  distinct  granules 
(Langley).  These  granules  can  also  be  rendered  visible  by  certain 
methods  of  staining,  when  it  is  apparent  that  they  are  not  present  as 
such  in  all  the  cells,  but  have  in  many  cells  become  clear  and  swollen, 


Fig.  405.— Section  of  a  dog's  submaxillahy,  after  a  prolonged  peeiod  of 

REST.  (Ranvier.) 

I,  lumen  of  alveolus  ;  g,  mucus-secreting  cells ;  c,  crescent,  formed  of  albuminous  cells. 


and  converted  into  a  substance  which  is  known  as  mucigen  (tig.  409,  a). 
Similar  granules  are  seen  also  in  the  cells  lining  the  gland  ducts ; 
here  also  they  are  found  to  vary  in  size  and  number  with  the  condition 
of  activity  of  the  gland  (tig.  411).  The  mucigen  is  dissolved  out 
of  the  cell  and  discharged  as  mucus  into  the  lumen  of  the  alveolus  and 
into  the  ducts,  when  the  gland  is  stimulated  to  activity.    The  cells 

X 
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Fig.  407.— Section  of  part  of  thk  human  submaxillary  gland. 

(Heidenhain.) 

To  the  right  of  the  figure  is  a  group  of  mucous  alveoli ;  to"  the  left  a  group  of  serous 

alveoli. 


Fig.  408. — Alveoli  of  a  serous  gland.  A,  at  rest.  B,  after  a  short  period 
OF  activity.    C,  after  a  prolonged  period  of  activity.  (Langley.) 

In  A  and  B  the  nuclei  are  ob.scured  by  the  gi-anules  of  zymogen. 


Fig.  409.— Mucous  cells  from  fresh  submaxillary  glands  of  thk  dog. 

(Langley.) 

a,  from  a  resting  or  loaded  gland  ;  h,  from  a  gland  which  has  been  secreting  for  some  time  ; 
a',  b',  similar  cells  which  have  been  treated  with  dilute  acid. 


THE  SALIVARY  GLANDS. 


323 


are  known  as  mucous  cells.  But  in  most  alveoli  there  are  some  cells 
which  do  not  contain  mucigen,  but  small  albuminous  granules,  and 
these  often  form  crescentic  groups  which  lie  next  to  the  basement- 
membrane  (figs.  404,  s,  405,  c).  These  are  the  so-called  crescents -of 
Qianuzsi ;  their  constituent  cells  are  known  also  as  marginal  or  serous 


Fig.  410.— Submaxillabt  gland  oj'  rabbit.    (E.  Miiller.) 

The  cells,  wliioli  are  all  serous,  are  in  different  functional  states,  as  indicated  by  the 
condition  and  staining  of  the  granules,  a,  cell  filled  with  darkly  staining  granules  ; 
6,  clear  cell ;  c,  secretory  canalicuU  penetrating  into  the  cells. 

A  B 


Fig.  411.— Cklls  prom  duct  of  parotid. 
A,  prior  to  secretion  ;  B,  after  secretion  (Mislawski  and  Smirnow). 


cells.  Special  diverticula  pass  from  the  lumen  of  the  alveoli  between 
the  mucous  cells  to  penetrate  to  the  crescents  and  to  branch  amongst 
and  within  their  constituent  cells  ;  these  diverticula  are  best  shown  by 
the  Golgi  method  of  staining  (figs.  412,  413).  They  also  occur  in  the 
purely  serous  alveoli  (fig.  410),  in  which  none  of  the  cells  secrete  mucus, 
but  watery  or  albuminous  saliva.   In  these  when  the  gland  has  been  long 
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at  rest  the  cells  are  filled  with  granules,  which  do  not  swell  with  water 
nor  form  mucin ;  they  appear  to  be  albuminous  in  nature,  and  prob- 
ably yield  to  the  secretion  of  the  gland  its  ferment  (ptyalin)  and  its 


Fig.  412. — Alveoli  op  human  sublin- 
gual   GLAND    PREPARED    BY  GOLGI 

METHOD.    (E.  Miiller.) 

I,  lumen  stained,  with  lateral  diverticula 
passing  between  mucus-secreting  cells ; 
h,  longer  diverticula  penetrating  into  the 
"  crescent "  cells. 


Fig.  413. — Alveoli  of  the  submaxil- 
lary   GLAND    OF    THE    DOG.  (G. 

Retzius.)    Golgi  method. 

The  extensions  of  the  lumen  into  the 
crescentp  of  Gianuzzi  are  shown,  and 
also  the  p"  ''nes  of  nerve-fibrils 


Fig.  414.— Alveoli  from  mucous  por- 
tion OF  THE  HUMAN  SUBMAXILLARY 
GLAND,  PARTLY  UNRAVELLED.  (Peiser.) 


Fig.  415. — Alveoli  from  serous  por- 
tion OF  THE  HUMAM  SUBMAXILLARY 
GLAND,  PARTLY  UNRAVELLED.  (Peiser.) 


albumin.  The  granular  substance  within  the  cell  is  not  the  ferment, 
but  the  ferment  is  formed  from  it  when  the  secretion  is  poured  out. 
Hence  it  has  been  termed  zymogen  (mother  of  ferment).  As  Langley 
showed,  the  outer  part  of  each  cell  becomes  clear  and  free  from 
granules  after  secretion  (6g.  408). 
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In  near]}'  all  animals  the  parotid  -glands  are  composed  of  purely  serous 
alveoli  ;  in  man  and  most  animals  the  submaxillary  and  sublingual  glands 
have  both  serous  and  mucous  alveoli  or  "mixed"  alveoli,  i.e.  alveoli  con- 
taining both  sei'ous  and  mucous  cells.  The  detached  anterior  parts  of  the 
sublingual  gland,  which  in  man  are  comparatively  small,  have  purely  mucous 
alveoli. 

When  the  glands  are  unravelled  and  examined  with  the  microscope 
it  is  found  that  the  mucous  and  serous  alveoli  are  somewhat  different 
in  shape,  the  mucous  alveoli  being  larger,  more  uniform  in  shape, 
and  linked  on  to  the  ducts  by  shorter  and  wider  intermediate  or 
junctional  portions  (compare  fig.  414,  which  is  from  a  mucous  part  of 
the  human  submaxillary  with  fig.  415  from  the  serous  part). 

The  largest  ducts  have  a  wall  of  connective  tissue  outside  the 
basement-membrane,  and  also  a  few  plain  muscle  cells.  The  blood- 
vessels of  the  salivary  gland  form  a  capillary  network  around  each 
alveolus.  The  lymphatics  commence  in  the  form  of  lacunar  vessels 
between  the  alveoli.  Lymphoid  nodules  are  occasionally  found  in 
the  interstitial  connective  tissue.  The  nerve-fibres,  which  are  derived 
both  from  the  cerebro-spinal  nerves  and  from  the  sympathetic,  pass 
through  ganglia  before  proceeding  to  their  distribution.  They 
ramify  as  fine  varicose  fibres  amongst  the  alveolar  cells  (fig.  413); 
many  are  distributed  to  the  blood-vessels. 

The  salivary  glands  are  developed  as  buds  from  the  epithelium  of  the 
buccal  cavity,  at  first  solid  but  becoming  gradually  hollowed  out.  To 
begin  with  they  are  simple,  but  undergo  ramification  as  they  grow  into 
the  mucous  membrane  and  submucous  tissue. 
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LESSON  XXXI. 
TEE  STOMACH. 

1.  Vertical  longitudinal  sections  through  the  cardia,  including  the  lower 
end  of  the  oesophagus  and  the  adjacent  cardiac  portion  of  the  stomach. 
These  are  intended  to  show  the  abrupt  transition  of  the  stratified  epithelium 
of  the  esophagus  into  the  columnar  epithelium  of  the  stomach,  and  also  the 
character  of  the  gastric  and  oesophageal  glands  in  the  immediate  neighbour- 
hood of  the  cardia.   The  sections  may  be  stained  with  haematoxylin  and  eosin. 

2.  Sections  of  the  fundus  of  the  stomach  cut  perpendicularly  to  the 
surface  of  the  mucous  membrane. 

In.  these  sections  the  general  arrangement  of  the  coats  of  the  stomach  is  to 
be  studied.  Sketches  are  to  be  made  under  a  low  power  illustrating  this 
arrangement,  and  others  under  a  high  power  showing  the  structure  of  the 
glands  of  the  mucous  membrane. 

Measure  the  whole  thickness  of  the  mucous  membrane,  the  thickness  of 
the  muscular  coat,  the  size  of  the  columnar  epithelium-cells  of  the  surface, 
and  that  of  the  cells  in  the  deeper  parts  of  the  glands. 

3.  Sections  of  the  mucous  membrane  of  the  fundus,  cut  parallel  to  the 
surface. 

These  sections  will  show  better  than  the  others  the  arrangement  of  the 
cells  in  the  glands. 

4.  Vertical  sections  of  the  mucous  membrane  from  the  pyloric  region 
of  the  stomach.  If  the  section  is  taken  longitudinally  through  the 
pylorus,  the  transition  of  the  gastric  glands  into  the  glands  of  Brunner 
of  the  duodenum  will  be  made  manifest.  Make  a  sketch  under  a  low  power 
of  one  of  the  glands  in  its  whole  length,  filling  up  some  of  the  details  with 
the  high  power. 

5.  Study  the  arrangement  of  the  blood-vessels  in  vertical  sections  of  the 
wall  of  a  stomach  the  vessels  of  which  have  been  injected. 


The  wall  of  the  stomach  consists  of  four  coats,  which,  enumerated 
from  without  in,  are  as  follows,  viz.  :  serous,  muscular,  areolar,  or  sub- 
mucous, and  mucous  membrane  (fig.  416). 

The  serous  coat  is  a  layer  which  is  derived  from  the  peritoneum.  It 
is  deficient  only  along  the  lines  of  the  lesser  and  greater  curvatures. 

The  muscular  coat  consists  of  three  layers  of  plain  muscular  fibres. 
Of  these  the  bundles  of  the  outer  layer  run  longitudinally,  those  of 
the  middle  layer  circularly,  and  those  of  the  inner  layer  obliquely. 
The  longitudinal  and  circular  bundles  become  thicker  and  stronger 
towards  the  pylorus ;  at  the  pylorus  itself  the  circular  layer  is  greatly 
thickened  to  form  a  sphincter  muscle.  The  oblique  fibres  are  only 
present  over  the  fundus. 
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The  areolar  or  s^ibviucous  coat  is  a  layer  of  areolar  tissue,  which  serves 
to  unite  the  mucous  membrane  loosely  to  the  muscular  coat ;  in  it 
ramify  the  larger  branches  of  the  blood-vessels  and  lymphatics. 

The  mucous  membrane  is  a  soft  thick  layer^  generally  somewhat 
corrugated  in  the  empty  condition  of  the  organ.    Its  inner  surface  is 


Fig.  416. —Diagram  of  sectiox  through  the  coats  op  the  stomach.  (Mall.) 

m,  mucous  membrane;  e,  epithelium;  d,  orifice  of  gland-duct;  m.m.,  muscularis 
mucosae;  sm.,  submucosa;  cm.,  circular  muscular  layer ;  l.m.,  longitudinal  muscular 
layer ;  a,  serous  coat. 

covered  by  columnar^shaped  epithelium  cells,  all  of  which  secrete 
mucus.  They  are  prolonged  into  the  ducts  of  the  glands,  but  when 
these  divide  to  form  the  tubules  the  cells  become  cubical,  and  lose 
their  mucus-secreting  character.  Where  the  oesophagus  passes  into  the 
stomach  the  stratified  epithelium  which  lines  the  gullet  gives  place 
abruptly  to  the  columnar  epithelium  of  the  stomach  (fig.  417). 
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niv  r"""  ^"'"1''^'  ^^'^  Stratified  epithelium  of  the  .....sophagu.s  is  continued 
always  ends  by  a  sharply  defined  line. 

The  thickness  of  the  gastric  mucous  membrane  is  due  to  the  fact 
that  it  is  largely  made  up  of  long  tubular  glands,  which  open  upon  the 
inner  surface.    Between  the  glands  the  mucous  membrane  is  formed  of 


Fig.  417. — Section  of  the  junction  of  the  (esophageal  and  gastric  mucous 
MEMBRANE  OF  THE  KANGAROO.    135  diameters. 

S,  stratified  opitbelium  of  oesophagus  abruptly  discontinued  at  S' :  c,  columnar  epi- 
thelium of  gastric  mucous_  membrane  ;  d,  orifices  or  ducts  of  glands  of  the  cardia  ;  m, 
corium  of  ojsopbageal  mucous  membrane  sending  iJapilliB  into  the  eijithelium ; 
m',  corium  of  gastric  mucous  membrane. 

retiform  with  some  lymphoid  tissue.  Externally  the  mucous  mem- 
brane is  bounded  by  the  muscularis  mucosm,  which  consists  of  an 
external  longitudinal  and  an  inner  circular  laj^er  of  plain  muscular 
fibres. 

Gastric  glands. — These  are  formed  of  a  basement  membrane  lined 
with  epithelium.  Each  gland  consists  of  secreting  tubules,  from  one  to 
four  in  number,  opening  at  the  surface  into  a  larger  tube,  the  duct  of 
the  gland.    The   duct   is   in  all   cases   lined   by  mucus-secreting 
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epithelium  of  the  same  character  as  that  which  covers  the  inner  surface 
of  the  mucous  membrane,  but  the  epithelium  of  the  secreting  tubules 
is  different  from  this,  and  also  differs  somewhat  in  the  glands  of  different 
regions  of  the  organ.  The  following  varieties  of  gastric  glands  are 
met  with  : 

(1)  Glands  of  the  carclia. — These  are  found  in  man  close  to  the  oeso- 
phageal opening  or  cardia ;  they  are  of  two  kinds  :  («)  simple  tubules, 
very  similar  to  the  crypts  of  Lieberkiihn  of  the  intestine  and  {b)  small 


Fig.  418.— Section  of  human  stomach  near  the  oaedia.    (v.  Ebner,  after 

J.  Schaffer.)     x  45. 

c,  cardiac  glands  ;  d,  their  ducts  ;  cr,  glands  similar  to  cr3rpts  of  Lieberkiihn,  with  goblet 
cells  ;  mm,  mucous  membrane  ;  iii,  muscularis  mucosae  ;  ill',  muscular  tissue  within 
mucous  membrane. 

tubulo-racemose  glands  (fig.  418).  The  latter  are  commonest  in  man,: 
the  former  may  occur  in  considerable  number  in  some  animals  (fig. 
417).  The  secreting  tubules  of  the  racemose  glands  are  lined  by  cells 
which  are  granular  in  appearance  and  of  a  short  columnar  form,  and 
of  the  same  nature  throughout  the  length  of  the  tubule,  except  near 
the  orifice  (duct),  where  they  give  place  to  columnar  mucus-secreting 
cells.  Bensley  describes  some  of  the  tubules  as  lined  with  mucus- 
secreting  cells  throughout.  Occasionally  one  or  two  oxyntic  cells 
may  be  present  in  the  tubules. 
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Fig.  419. — Sections  of  the  mucous  membrane  of  the  fundus  of  the  dog's 
stomach  passing  aokoss  the  long  axis  of  the  glands. 

A,  Section  close  to  but  not  quite  parallel  with  the  surface,  and  including  on  the  left 

the  gland  ducts  and  on  the  right  the  oommenoing  gland  tubules.  Notice  the  osyntic 
cells  beginning  to  appear  between  the  columnar  ceUs  of  the  ducts. 

B,  Deeper  pai"t  of  the  same  section,  showing  the  lumina  of  '_the  gland  tubules  sur- 
rounded by  chief  cell.s,  with  the  oxyntic  cells  altogether  outside  them. 
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Glands  of  a  somewhat  similar  character  occur  near  the  lower  end  of  the 
oesophagus.  Generally  at  the  place  where  their  ducts  open  the  (Bsophageai 
epithelium  becomes  columnar  instead  of  stratified. 

(2)  Glands  of  the  fundus  {pxyntic  glands)  (figs.  419,  420,  421,  422). 
In  these  glands  the  tubules  are  usually  relatively  long  and  the 
duct  short.    The  epithelium  of  the  tubules  is  composed  of  two  kinds 


Fig.  420. 


%iiipi 

Fig.  421. 


Fig.  420.— a  fundus  gland  of  simple  foem  from  the  bat  s  stomach. 
Osmio  acid  preparation.  (Langley.) 

c,  columnar  epithelium  of  the  surface  ;  n,  neck  of  the  gland  with  central  and  parietal 
cells  ;  /,  base,  occupied  only  hy  principal  or  central  cells,  which  exhibit  the  gi-anulos 
accumulated  towards  the  lumen  of  the  gland. 

Fig.  421. — A  fundus  gland  prepared  by  golgi's  method,  showing  the 

MODE  of  communication  OF  THE  PARIETAL  CELLS  WITH  THE  GLAND-LUMEN. 

(E.  MuUer.) 

of  cells.  Those  of  the  one  kind,  which  form  a  continuous  lining  to 
the  tubule,  are  somewhat  polyhedral  in  shape,  and  in  stained  sections 
look  clearer  and  smaller  than  the  others,  but  in  the  fresh  glands,  and 
with  certain  methods  of  staining,  it  can  be  seen  that  they  are  partly 
filled  with  granules  (fig.  420).  The  granules  are  most  numerous  in  the 
inner  portion  of  the  cell,  an  outer  zone  being  left  clear.  After  pro- 
longed activity  this  outer  zone  increases  in  size  while  the  granules 
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diminish  in  number,  as  in  the  analogous  cases  of  the  pancreas  and 
parotid  glands  (Langley).  The  cells  are  believed  to  form  pepsin,  and 
are  termed  the  chief  cells  of  the  cardiac  glands,  or  from  their  relative 
position  in  the  tubule  immediately  surrounding  the  lumen,  the  central 
cells.    Scattered  along  the  tubule,  and  lying  between  the  chief  cells 


Fig.  422. 


Fig.  423. 


Fig.  422. — Part  of  tubule  of  a  fundus  gland,  with  the  lumen  and  secretobt 

CANALICULI  STAINED  ;  THE  GLAND  CELL.9  ARE  ALSO  SHOWN.     (Zimmermann. ) 
c,  chief  or  central  cells  ;  p,  parietal  or  oxyiitic  cells  ;  I,  lumen  of  tubule  prolonged  into 
arborescent  canaliculi  which  penetrate  to  the  jmrietal  cells. 

J'IG.  423. — A  PTLORIO  GLAND,  FROM  A  SECTION  OF  THE  DOG's  STOMACH.  (Ebstein. ) 
m,  mouth  ;  n,  neck  ;  tr,  a  deep  portion  of  a  tubule  cut  transversely. 

and  the  basement-membrane,  are  a  number  of  large  spheroidal  or 
ovoidal  cells.  These  are  parietal  or  oxyntic  cells.'^  Each  parietal  cell 
is  surrounded  and  jienetrated  by  a  network  of  minute  passages, 
communicating  with  the  lumen  of  the  gland  by  a  fine  canal,  which 


^So  called  because  they  are  believed  to  produce  the  acid  of  the  gastric 
secretion. 
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passes  between  the  central  cells  (figs.  421,  422);  but  in  the  neck  of 
the  gland  the  parietal  cells  abut  against  the  lun;en,  being  here  wedged 
in  between  the  mucus-secreting  cells  (fig.  419,  a). 

(3)  Glands  of  the  pyloric  canal  (fig.  423). — In  the  glands  of  the  pyloric 
canal  the  ducts  are  much  longer  than  in  those  of  the  fundus,  and  the 
secreting  tubules  possess  cells  of  only  one  kind.^  These  coi-respond  to 
the  chief  cells  of  the  fundus  glands,  but  are  not  quite  identical  with 
them  in  appearance,  the  granules  being  much  less  distinct.  The  cells 
are  of  a  columnar  or  cubical  shape,  and  in  the  fresh  condition  of  a 
granular  appearance ;  quite  unlike  the  clear  columnar  epithelium  of  the 
surface,  which  is  formed,  as  elsewhere,  of  long  tapering  cells,  the  outer 
part  of  which  is  filled  with  mucigen. 

At  the  pylorus  itself  the  gastric  glands  become  considerably 
lengthened  and  enlarged,  and  are  continued  into  the  submucous 
tissue,  the  muscularis  mucosae  being  here  deficient ;  they  thus 
present  transitions  to  the  glands  of  Brunner,  which  lie  in  the  sub- 
mucous tissue  of  the  duodenum  (fig.  424). 

Scattered  amongst  the  ordinary  secreting  cells  of  the  pyloric  glands,  cells 
are  seen  here  and  there  which  stain  differently  from  the  rest,  and  probably 
have  a  different  function  (Stohr).  Occasionally  oxyntic  cells  are  met 
with  in  the  pyloric  glands  and  even  in  Brunner's  glands  in  the  duodenum 
(Kaufraann). 

The  Uood-vessels  of  the  stomach  are  very  numerous,  and  pass  to  the 
organ  along  its  curvatures.  The  arteries  traverse  the  muscular  coat, 
giving  off  branches  to  the  capillary  network  of  the  muscular  tissue, 
and  ramify  in  the  areolar  coat.  From  this,  small  tortuous  arteries 
pierce  the  muscularis  mucosae,  and  break  up  into  capillaries  near  the 
bases  of  the  glands  (fig.  425).  The  capillary  network  extends  between 
the  glands  to  the  surface,  close  to  which  it  terminates  in  a  plexus  of 
relatively  large  venous  capillaries  which  encircle  the  mouths  of  the 
glands.  From  this  plexus  straight  venous  radicles  pass  through  the 
mucous  membrane,  pierce  the  muscularis  mucosES,  and  join  a  plexus  of 
veins  in  the  submucous  tissue.  From  these  veins  blood  is  carried 
away  from  the  stomach  by  efferent  veins,  which  accompany  the  enter- 
ing arteries. 

The  lymphatics  (fig.  426)  arise  in  the  mucous  membrane  by  a  plexus 
of  large  vessels  dilated  at  intervals,  and  looking  in  sections  like  clefts 
in  the  interglandular  tissue.  From  this  plexus  the  lymph  is  carried 
into  large  valved  vessels  in  the  submucous  coat,  and  from  these, 
efferent  vessels  run  through  the  muscular  coat  to  reach  the  serous 

abse'^t'"^'^  it  is  only  quite  near  the  pyloris  that  parietal  cells  are  altogether 
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Fig.  424. — Section  through  the  pyloeus,  including  the  commencement  of 

THE  DUODENUM.  (Klein.) 

V.  villi  of  duodenum  ;  b,  apex  of  a  lymphoid  nodule  ;  c,  cryiJt.s  of  Lieberktihn  ;  s,  secreting 
tubule.s  of  Hrunner's  glands ;  d,  ducts  of  pyloric  glands  of  the  stomach  ;  ri,  tubes  of 
these  glands  in  mucous  membrane  ;  t,  deeper  lying  tubes  in  submucosa,  corresi^ond- 
ing  to  secreting  tubules  of  Brunner's  glands  of  duodenum  ;  m,  muscularis  mucosae. 


Fig.  425.— Plan  of  the  blood- 
vessels OF  THE  stomach. 
(Modified  from  Brinton.) 

a  small  arteries  passing  to  break  up 
into  the  fine  cai^illary  network,  d, 
between  the  glands ;  b,  coarser 
capillarj'  network  around  the 
mouths  of  the  glands  ;  c,  c,  veins 
passing  vertically  downwards  from 
the  superficial  network  ;  e,  larger 
vessels  in  the  submucosa. 


a 


OF   THE   HUMAN  GASTRIC 

INJECTED.    (C.  Loven.) 

The  tubules  are  only  faintly  indicated ;  a,  muscularis 
mucosa) ;  b,  plexus  of  fine  vessels  at  base  of  glands ; 


Fig.  426.— Lymphatics 
mucous  membrane, 


1  i.1  y  n-j  •  ■  "  •  —  -   

c,  plexus  of  larger  valved  lymphatics  in  submucosa. 
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membrane,  underneath  which  they  pass  away  from  the  organ.  The 
muscular  coat  has  its  own  network  of  lymphatic  vessels.  These  lie 
lietAveen  the  two  principal  layers,  and  their  lymph  is  poured  into 
I  he  efterent  lymphatics  of  the  organ. 

The  nerves  have  the  same  general  arrangement  and  mode  of  distribu- 
'ion  as  those  of  the  intestine  (see  next  Lesson). 
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LESSONS  XXXII.  AND  XXXIII. 

THE  SMALL  AND  LARGE  INTESTINE. 

1.  Sections  of  the  duodenum,  jejunum,  and  ileum,  vertical  to  the  surface. 
The  three  parts  of  the  intestine  may  be  embedded  in  the  same  paraffin  block, 
and  the  sections  stained  and  mounted  together.  Choose  a  ^lart  of  the  ileum 
which  includes  a  Peyer's  patch.  Observe  the  nodules  of  lymphoid  tissue 
which  constitute  the  patch  and  which  extend  into  the  submucous  tissue. 
Observe  the  lymphoid  cells  in  the  superjacent  epithelium.  Notice  also  the 
sinus-like  lymphatic  or  lacteal  vessel  which  encircles  the  base  of  each  nodule. 
In  the  duodenum  study  the  glands  of  Brunner  in  the  submucous  tissue. 
Make  a  general  sketch  of  each  section  under  a  low  power  and  draw  a  villus 
under  the  high  power.  The  general  arrangement  and  structure  of  the 
intestinal  wall  is  to  be  studied  in  these  sections. 

2.  Sections  parallel  to  the  surface  of  the  intestine,  and  therefore  across 
the  long  axis  of  the  villi  and  glands  of  the  mucous  membrane.  In  order 
to  keep  the  sections  of  the  villi  together  so  that  they  are  not  lost  in  the 
mounting,  it  is  necessary  either  to  embed  in  celloidin  or,  if  paraffin  be  used, 
to  employ  an  adhesive  method  of  mounting. 

In  this  preparation,  sketch  the  transverse  section  of  a  villus  and  of  some 
of  the  crypts  of  Lieberkiihn. 

3.  To  study  the  process  of  fat-absorption,  kill  a  frog  tw^o  or  three  days 
after  feeding  with  bacon  fat.  Put  a  very  small  shred  of  the  mucous  mem- 
brane of  the  intestine  into  osraic  acid  (0"5  per  cent.)  and  another  piece  into 
a  mixture  of  2  parts  Miiller's  fluid  and  1  part  osmic  acid  solution  (1  per 
cent.).  After  forty-eight  hours  teased  joreparations  may  be  made  from  the 
osmic  acid  preparation,  in  the  same  manner  as  directed  in  Lesson  VIII.,  §  1. 
The  piece  in  Miiller  and  osmic  acid  may  be  left  for  ten  days  or  more  in  the 
fluid.  When  hardened,  sections  are  made  by  the  freezing,  method  and 
mounted  in  glycerine.  Thej'  may  also  be  cut  from  pai^affin  and  mounted  in 
dammar. 

4.  Sections  of  small  intestine  the  blood-vessels  of  which  have  been  injected. 
Notice  the  ari^angement  of  the  vessels  in  the  several  layers.  Sketch  carefully 
the  vascular  network  of  a  villus. 

5.  From  a  piece  of  intestine  which  has  been  stained  with  chloride  of  gold 
tear  off"  broad  strips  of  the  longitudinal  muscular  coat,  and  mount  them  in 
glycerine.  It  will  generally  be  found  that  portions  of  the  nervous  plexus  of 
Auerbach  remain  adherent  to  the  strips,  and  the  plexus  can  in  this  way  easily 
be  studied. 

From  the  remainder  of  the  piece  of  intestine  tear  off  with  forceps  the  fibres 
of  the  circular  muscular  layer  on  the  one  side,  and  the  mucous  membrane  on 
the  other  side,  so  as  to  leave  only  the  submucous  tissue  and  the  muscularis 
mucoste.  This  tissue  is  also  to  be  mounted  flat  in  glycerine  ;  it  contains  the 
plexus  of  Meissner. 

Sketch  a  small  portion  of  each  plexus  under  a  high  power.  The  plexuses 
can  also  be  studied  by  the  methylene-blue  and  reduced  silver  methods  (see 
Appendix). 

6.  Sections  of  the  large  intestine,  perpendicular  to  the  surface.   These  will 
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show  the  general  structure  and  arrangement  of  the|  coats.  Sketch  under  a 
low  power. 

7.  Sections  of  the  mucous  membrane  of  the  large  intestine  parallel  to  the 
surface,  and  therefore  across  the  glands.  Sketch  some  of  the  glands  and  the 
intei-glaudular  tissue  under  a  high  power. 

8.  The  arrangement  of  the  blood-vessels  of  the  large  intestine  may  be 
studied  in  sections  of  the  injected  organ. 


The  wall  of  the  small  intestine  consists,  like  that  of  the  stomach, 
of  four  coats  (fig.  427). 

The  serous  coat  is  complete  except  over  part  of  the  duodenum. 


SS 


Tttl 

Fig.  427. — Diagram  of  section  of  alimentary  tube.  (Sobotta.) 

X,  lumon  ;  glm,  glands  of  mucous  membrane  ;  ep,  epithelium  ;  gls,  glands  in  submucosa  ; 
mm,  muscularis  mucosae ;  sm,  submucous  coat ;  rm,  circular  muscular  layer ;  Im,  longi- 
tudinal muscular  layer ;  s,  serous  coat ;  ss,  mesentery ;  gmi/,  ganglion  of  plexus 
myentcricus  ;  gsm,  ganglion  of  plexus  submucosus. 


The  muscular  coat  is  composed  of  two  layers  of  muscular  tissue,  an 
outer  longitudinal  and  an  inner  circular.  Between  them  lies  a  network 
of  lymphatic  vessels  and  also  the  close  gangliated  plexus  of  non- 
medullated  nerve-fibres  known  as  the  jplexus  myentericus  of  Auerbach. 
The  ganglia  of  this  plexus  may  usually  be  seen  in  vertical  sections  of 
the  intestinal  wall  (in  figs.  432,  435),  but  the  plexus,  like  the  one 
in  the  submucous  coat  immediately  to  be  described,  can  only  be 
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properly  displayed  in  preparations  made  with  chloride  of  gold  (fig. 
428)  or  methylene  blue  or  by  a  silver  method. 

The  submucous  coat  is  like  that  of  the  stomach  ;  in  it  the  blood-vessels 
and  lacteals  ramify  before  entering  or  after  leaving  the  mucous  mem- 
brane, and  it  contains  a  gangliated  plexus  of  nerve-fibres— the  pleo-us 
of  Meissner— which  is  finer  than  that  of  Auerbach  and  has  fewer 
ganglion  cells  (fig.  429).  Its  branches  are  chiefly  supplied  to  the 
muscular  fibres  of  the  mucous  membrane,  but  also  to  the  glands  and 
villi' (fig.  430). 


Fig.  428. — ^Auerbach's  plexus,  from  the  muscular  coat  of  the  intestine. 

(Cadiat.) 


These  enteric  gangliated  plexuses  contain  two  kinds  of  uerve-cell 
(fig.  431).  One  kind  has  a  number  of  much  branched  dendrons  easily 
distinguishable  from  the  axon  ;  the  other  kind  is  characterised  by  the 
presence  of  a  number  of  processes  hardly  distinguishable  from  one 
another.  This  last  type  of  cell  is  the  only  one  found  in  Meissner's 
plexus. 

The  mucous  membi-ane  is  bounded  next  to  the  submucous  coat  by  a 
double  layer  of  j)lain  muscular  fibres  {muscularis  mucosce).  Bundles 
from  this  pass  inwards  through  the  membrane  towards  the  inner 
surface  and  penetrate  also  into  the  villi.  The  mucous  membrane 
proper  is  pervaded  with  simple  tubular  glands — the  cry2)is  of  Lieberkuhn 
(figs.  432,  433,  435) — which  are  lined  throughout  by  a  columnar 
epithelium,  with  scattered  goblet  cells,  like  that  which  covers  the 


THE  SMALL  INTESTINE.  339 


Fig.  429.— Meissnee's  plexus  froji  the  submdoous  coat.  (Cadiat.) 
a,  ganglion  ;  6,  6,  nervous  cords ;  c,  a  blood-vessel ;  d,  an  entering  sympathetic  nerve. 


Fig.  430.— Nerves  of  the  mucous  membrane  of  the  small  intestine.  (Cajal.) 
M,  part  of  Melssner's  plexus  ;  a-f,  small  norvo-cclls  and  nervc-fibros  in  the  tissue  of  tha 

mucous  nienibnino  and  villi. 
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Fig.  431.— Typical  nerve-cells  fhom  bnterio  ganglia.  (Dogiel.) 


A,  a  cell  with  numerous  minute  ramified  dendrons  ;  B,  a  cell  with  numerous  almost  mi- 
branched  axon-like  dendrons  ;  ax,  axons  ;  pz,  dendrons. 
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general  surface  and  the  villi.  At  the  fundus  of  each  crypt  are  a  few- 
cells  containing  well-marked  granules  (Paneth).  The  cells  of  the 
glands  show  frequent  mitoses ;  it  is  stated  that  the  epithelium  of 
the  general  surface  becomes  regenerated  from  them  (Bizzozero).  The 


suhmucosa 


layer  oj 
circular 
muscular  fibres 


1^ 


intermuscular 
layer 

layer  of 
lonr/itudinal 
muscular  fibres 


serosa 


Fig.  432.— Section  of  the  small  intestine  (jejunum)  of  oat. 
Magnified  about  40  diameters. 

mucous  membrane  between  these  glands  is  mainly  composed  of 
reticular  tissue,  which  contains  here  and  there  nodules  of  lymphoid 
tissue.  These  nodules  constitute  when  they  occur  singly  the  so-called 
solitary  glands  of  the  intestine  (fig.  434),  and  when  aggregated  together 
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form  the  agminated  glands  or  patches  of  Peyer  (fig.  440).  The  latter 
occur  chiefly  in  the  ilpum. 

The  glands  of  Brunner,  which  have  been  already  noticed  (p.  333), 
occuf  in  the  duodenum.  They  are  small  tubulo-racemose  glands  of 
serous  character,  situated  in  the  submucosa  (fig.  435) ;  they  send  their 
ducts  to  the  inner  surface  of  the  mucous  membrane  either  between 
the  crypts  of  Lieberkiihn  or  into  them. 


Fig.  433.  Fig.  434. 


Fig.  433. — A  crvpt  of  lieberkuhn  from  the  human  intestine.  (Flemming.) 

Fig.  434.  —Section  of  the  ileum  through  a  lymphoid  nodule.   (Cadiat. ) 

a,  middle  of  the  nodule  with  the  lymphoid  tissue  partly  fallen  away  from  the  section ; 
b,  epithelium  of  the  intestine  ;  c,  villi :  their  epithelium  is  partly  broken  away  ;  d, 
crypts  of  Lieberkuhn  ;  e,  /,  muscularis  mucosfe. 

The  villi  with  which  the  whole  of  the  inner  surface  of  the  small 
intestine  is  closely  beset  are  clavate  or  finger-shaped  projections  of  the 
mucous  membrane,  and  are  composed,  like  that,  of  retiform  tissue 
covered  with  columnar  epithelium  (figs.  436  to  438).  The  characters 
of  this  epithelium  have  already  been  described  (Lesson  VIIL). 
Between  and  at  the  base  of  the  epithelium-cells  many  lymph- 
corpuscles  occur,  as  well  as  in  the  meshes  of  the  retiform  tissue. 
The  epithelium  rests  upon  a  basement-membrane. ,  In  the  middle  of 
the  villus  is  a  lymphatic  or  lacteal  vessel  which  may  be  somewhat 
enlarged  near  its  commencement,  but  the  enlargement  is  replaced  in 
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some  animals  by  a  network  of  lacteals.  Surrounding  this  vessel  are 
small  bundles  of  plain  muscular  tissue  prolonged  from  the  muscularis 
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Fig.  435.— Section  of  duodenum  of  cat,  showing  bbunnek's  glands. 
Magnified  alsout  tiO  diameters. 

mUCOScB.  The  network  of  blood-capillaries  (figs.  436,  439)  lies  for  the 
most,  part  near  the  surface  within  the  basement-membrane ;  it  is 
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supplied  with  blood  by  a  small  artery  which  joins  the  capillary 
network  at  the  base  of  the  villus  ;  the  corresponding  vein  generally 
arises  near  the  extremity. 

The  lymphatics  (lacteals)  of  the  mucous  membrane  (fig.  440),  after 
receiving  the  central  lacteals  of  the  villi,  pour  their  contents  into  a 
plexus  of  large  valved  lymphatics  which  lie  in  the  su1)mucous  tissue 
and  form  sinuses  around  the  bases  of  the  lymphoid  nodules  (fig.  304, 
p.  238).    From  the  submucous  tissue  efferent  vessels  pass  through  the 


Fig.  436. — Longitudinal  section  of  a  villu.s  from  a  kat  killed  three  hours 

AFTER  feeding  WITH  BREAD  AND  WATER. 

The  columnar  epithelium  .shows  numerous  lymph-corpuscle.s  between  the  cells  ;  I,  lacteal, 
containing  Ij^nph-corpuscles,  c,  some  partly  disintegrated. 

muscular  coat,  receiving  the  lymph  from  an  intramuscular  plexus  of 
lymphatics,  and  are  conveyed  away  between  the  layers  of  the 
mesentery. 

Absorption  of  fat. — In  order  to  study  the  process  of  fat  transference 
in  the  intestine,  it  is  convenient  to  stain  the  fat  with  osmic  acid,  which 
colours  it  black.  It  can  then  be  observed  that  in  animals  which  have 
been  fed  with  food  containing  fat,  particles  of  fat  are  present  (1)  in 
comparatively  large  globules  within  the  columnar  epithelium  cells ; 
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Fig.  437. — Tkansvekse  seotioNjOF  a  villus  op  pig.  (Trautmann.) 
epithelium  ;  a',  striated  border ;  a",  goblet-cell ;  b,  lymphoid  tissue  ;  c,  small  central 
lacteal;  e,  plain  muscle-fibres  cut  transversely ;  /,  section  of  arteriole. 


Fig.  438.— Tkan.svebse  section  of  a  villus  of  ox.  (Trautmann.) 
epithelium  ;  a',  striated  border ;  6,  lymphoid  tissue ;  c,  large  central  lacteal ;  e,  plain 

muscle-fibres  cut  across. 
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(2)  in  fine  granules  in  the  interstitial  tissue  of  the  villus,  but  often  con- 
fined toUe  amojboid  leucocytes,  which  abound  in  this  tissue;  (3)  in  fine 
granules  within  the  central  lacteal  of  the  villus.  The  leucocytes  are 
present  not  only  in  the  reticular  tissue  of  the  villus,  but  also  in  coo- 


FiQ.  439.— Small  intestine  (vertical  transverse  section),  with  the 
BLOOD-VESSELS  INJECTED.  (Heitzmauii.) 
V,  a  villus  ;  6,  glands  of  Lieberkiibn  ;  M,  niiiscularis  mucosae ;  A,  areolar  coat ;  R,  circulai- 
muscular  coat ;  L,  longitudinal  muscular  coat ;  P,  peritoneal  coat. 

siderable  numbers  between  and  at  the  base  of  the  epithelium-cells ;  and 
they  can  also  be  seen  in  thin  sections  from  bichromate-osmic  prepara- 
tions within  the  commencing  lacteal ;  in  the  last  situation  they  are 
undergoing  disintegration  (figs.  436,  441,  442).  These  observations 
are  easily  made  in  the  frog. 
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Fig.  440. — Vertical  .sechon  of  a  portion  op  a  peyek's  patch  with  the 
LACTEAL  VESSELS  INJECTED.    Magnified  32  diameters.  (Fray.) 

The  specimen  is  from  the  lower  part  of  the  ileum ;  a,  viUi,  with  their  lacteals  left  white  ; 
6,  some  of  the  tubular  glands ;  c,  the  muscular  layer  of  the  mucous  membrane  ; 
d,  cupola  or  projecting  part  of  the  nodule  ;  e,  central  part ;  /,  the  reticulated  lacteal 
vessels  occupying  the  lymphoid  tissue  between  the  nodules,  joined  above  by  the 
lacteals  from  the  villi  and  mucous  surface,  and  passing  below  into  g,  the  sinus-like 
lacteals  under  the  nodules,  which  again  pass  into  the  large  efferent  lacteals,  g' ;  i, 
part  of  the  muscular  coat. 


i'lo.  441.— Section  of  the  villus  of  a  hat  killeu  during  fat-absorption. 

ep,  epithelium  ;  sir  striated  border ;  c,  leucocytes  ;  c',  leucocytes  in  the  epithelium  : 
I,  central  lacteal  containing  chyle  and  disintegrating  leucocytes. 
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Since  the  leucocytes  are  amoeboid,  it  is  probable  from  these  facts 
that  the  mechanism  of  fat-absorption  consists  of  the  following  processes 
—viz.  (1)  absorption  or  formation  of  fat  in  the  columnar  epithelium- 
cells  of  the  surface;  (2)  ejection  of  fat-granules  from  the  epithelium 
into  the  tissue  of  the  villus;  (3)  inception  of  fat  by  leucocytes, 
these  taking  it  up  after  it  has  passed  out  of  the  epithelium-cells ;  (4) 
migration  of  leucocytes  carrying  fat  particles  through  the  tissue 
of  the  villus  and  into  the  central  lacteal ;  (5)  disintegration  and  solution 
of  the  immigrated  leucocytes,  and  setting  free  their  contents.  Since 


Fig.  442.— Mucous  mkmbrank  of  frog's  intestine  during  fat-absorption. 
ep,  epithelium  ;  str,  striated  border ;  c,  leucocytes ;  I,  lacteal. 

A  B 


Fig.  443.— Two  stages  in  the  deposition  of  fat  in  the  intestinal  epithelium 

OF  the  frog.  (Krebl.) 

fat-particles  are  never  seen  in  the  striated  border  of  the  columnar 
cell  it  is  probable  that  the  fat  first  becomes  saponified  by  the  action  of 
the  digestive  juices,  and  reaches  the  epithelium-cell  in  the  form  of 
dissolved  soap ;  the  fat  which  is  seen  and  stained  by  osmic  acid  within 
the  cells  having  become  re-formed  by  a  process  of  synthesis. 

In  some  young  animals  (puppy,  kitten)  the  fat  which  is  undergoing 
absorption  is  seen  not  only  in  epithelium-cells  and  leucocytes,  but 
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Fig.  444.— Glands  of  the  large  intestine  of  child.    300  diameters. 
A,  in  longitudinal  section  ;  B,  in  transverse  section. 
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also  in  the  form  of  streaks  of  liquid,  stained  black  by  osmic  acid,  in  the 
interstices  of  the  reticular  tissue  of  the  villi.  It  has  probably  passed 
out  from  the  epithelium  in  a  dissolved  condition  by  a  kind  of  reversed 
secretion. 

The  migration  of  leucocytes  into  the  lacteals  of  the  villi  is  not 
a  special  feature  of  absorption  of  fat,  but  occurs  also  when  absorp- 
tion of  other  matters  is  proceeding  (fig.  436);  the  transference  of 
fat-particles  is  merely  a  part  of  a  more  general  phenomenon  of 
migration  of  leucocytes  which  accompanies  the  process  of  absorption. 


Fig.  41.5.— Tkansveesk  section  of  vermiform  appendix.   (G.  Manu.) 

The  large  intestine  has  the  usual  four  coats,  except  near  its  termina- 
tion, where  the  serous  coat  is  absent.  In  man  the  muscular  coat  is 
peculiar  in  the  fact  that  along  the  caecum  and  colon  the  longitudinal 
muscular  fibres  are  gathered  up  into  three  thickened  bands  which 
produce  puckerings  in  the  wall  of  the  gut. 

The  mucous  membrane  of  the  large  intestine  is  beset  with  simple 
tubular  glands  somewhat  resembling  the  crypts  of  Lieberkiihn  of  the 
small  intestine,  and  lined  by  columnar  epithelium  similar  to  that  of 
the  inner  surface  of  the  gut,  but  containing  many  more  mucus-secreting 
or  goblet-cells  (fig.  444).  The  blind  extremity  of  each  gland  is  usually 
slightly  dilated.  These  glands  of  the  large  intestine  are  not  strictly 
homologous  with  the  crypts  of  the  small  intestine,  for  whereas  the 
latter  are  developed  as  depressions  in  the  general  surface  between  the 
villi,  the  glands  of  the  large  intestine  are  formed  by  the  growing 
together  of  villus-like  projections  of  the  surface.    The  interglandular 
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tissue  is  a  reticular  tissue  and  is  beset  here  and  there  with  solitary 
glands,  especially  in  the  c£ecum.  The  mucous  membrane  of  the 
vermiform  appendix  (fig.  445)  is  in  great  part  of  its  extent  packed 
full  of  lymphoid  nodules. 

The  arrangement  of  the  blood-vessels  and  lymphatics  in  the  large 
intestine  resembles  that  in  the  stomach.  The  nerves  of  the  large 
intestine  also  resemble  those  of  the  stomach  and  small  intestine  in 
their  arrangement. 

At  the  lower  end  of  the  rectum  the  circular  muscular  fibres  of  the 
gut  become  thickened  a  little  above  the  anus  to  form  the  internal 
spliinder  muscle.  In  the  anal  region  there  are  a  number  of  compound 
racemose  mucous  glands  opening  on  the  surface  of  the  mucous  mem- 
brane {anal  glands).  The  anus  has  a  lining  of  stratified  epithelium 
continuous  with  that  of  the  skin. 
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LESSONS  XXXIV.  AND  XXXV. 

THE  LIVER  AND  PANCREAS. 

1.  Sections  of  liver  are  to  be  studied  carefully.  They  may  be  stained  with 
eosin  and  haeniatoxylin,  or  by  iron-hfeniatoxylin.  Sketch  the  general 
arrangement  of  the  cells  in  a  lobule  under  the  low  power  ;  and  under  the 
high  power  make  very  careful  drawings  of  some  of  the  hepatic  cells  and  also 
of  a  portal  canal.  If  from  the  pig,  the  outlines  of  the  lobules  are  observed 
to  be  very  well  marked. 

Notice  that  the  hepatic  cells  are  in  intimate  contact  with  the  blood-capil- 
laries or  sinusoids.  Some  cells  are  occasionally  found  to  contain  red  blood- 
corpuscles  ;  many  contain  eosinophil  granules.  Notice  in  the  sinus-like 
capillaries  the  large  partly  detached  endothelial  cells  (stellate  cells  of  Kupffer). 
These  also  frequently  contain  erythrocytes,  which  appear  to  be  in  process 
of  destruction. 

2.  To  observe  glycogen  within  the  liver  cells,  kill  a  rabbit  or  rat  (pre- 
ferably about  six  hours  after  a  full  meal  of  carrot),  and  at  once  throw  a  thin 
piece  of  the  liver  into  96  per  cent,  alcohol.  When  well  hardened  the  piece 
may  be  embedded  in  paraffin  in  the  usual  way,  or  sections  may  be  cut  with 
the  free  hand  without  embedding.  Some  of  the  sections  so  obtained  are  to 
be  treated  with  a  1  per  cent,  solution  of  iodine  in  potassium  iodide  for  five 
minutes  ;  they  may  then  be  mounted  in  a  nearly  saturated  solution  of  potas- 
sium acetate,  the  cOver-glass  being  cemented  with  gold  size,  but  thev  will 
eventually  fade ' 

3.  Presence  of  iron.  Other  sections  of  alcohol-hardened  liver  are  to  be 
treated  first  with  potassium  ferrocyanide  solution  and  then  with  hydrochloric 
acid  and  alcohol  (1  to  10),  passed  through  absolute  alcohol  into  xylol,  and 
mounted  in  dammar ;  in  these  many  of  the  pigment  gianules  will  be 
stained  blue  (Prussian  blue).  Or  the  sections  may  simply  be  placed  in  an 
aqueous  solution  of  hsematoxylin  (1  to  300),  with  or  without  previous  treat- 
ment with  alcohol  containing  10  parts  per  cent,  hydrochloric  acid  (to  set 
free  organically  combined  iron),  after  which  they  ai'e  mounted  in  the 
ordinary  way  (Macallum's  method). 

4.  Injected  preparations.  Study  with  the  low  power  a  thick  section  to 
show  the  general  arrangement  of  the  blood-vessels,  and  with  a  high  power 
a  very  thin  section,  which  may  be  lightly  stained  with  hsematoxylin.  In  this 
the  injection  will  be  seen  to  have  penetrated  into  canaliculi  within  the  liver- 
cells  themselves.  Make  a  general  sketch  of  a  globule  under  the  low  power 
and  draw  a  small  part  of  the  network  of  blood-vessels  and  intracellular 
canaliculi  under  the  high  powei\ 

5.  Take  a  small  piece  of  liver  which  has  been  several  weeks  in  2  per  cent, 
bichromate  of  potassium  solution  or  Muller's  fiuid  and  plunge  it  in  1  per 
cent,  nitrate  of  silver  solution,  changing  the  fluid  after  half  an  hour.  Leave 
the  piece  of  liver  in  the  silver  solution  overnight.  It  may  then  be  trans- 
ferred to  alcohol,  and  after  complete  dehydration  embedded  and  cut  in 
paraffin  in  the  usual  way  and  the  sections  mounted  in  dammar.  In  many 
parts  of  such  sections  the  bile-canaliculi  are  stained. 

They  can  also  be  brought  to  view  (at  the  periphery  of  the  lobules)  by 
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dniection  with  solution  of  Berlin  blue  from  the  hepatic  duct  ;  or,  throughout 
the  whole  of  the  lobule,  by  injecting  about  60  c.c.  of  saturated  sulphmdi- 
gotate  of  soda  solution  in  three  successive  portions  at  intervals  of  halt  an 
hour,  into  the  blood-vessels  of  an  antesthetised  cat  or  rabbit.  iwo 
hours  after  the  last  injection  the  animal  is  killed,  and  the  blood-vessels 
washed  out  with  saturated  solution  of  potassium  chloride.  The  organ  is 
then  fixed  with  absolute  alcohol.  The  chroraate  of  silver  method  is  easier 
and  surer  than  the  injection  methods. 

6.  Tease  a  piece  of  fresh  liver  in  serum  or  salt  solution  for  the  study  of 
the  appearance  of  the  hepatic  cells  in  the  recent  or  living  condition. 

7.  Stained  sections  of  pancreas  from  a  gland  which  has  been  hardened  m 
alcohol,  or  in  forniol  followed  by  alcohol.  The  sections  may  be  stained  with 
€osin  and  htematoxylin  or  with  iron  htematoxylin.  Notice  the  islets  of 
Langerhans  between  the  alveoli ;  they  are  most  numerous  near  the  splenic 
€nd  of  the  pancreas. 

Make  sketches  under  both  low  and  high  power. 

8.  Tease  a  small  piece  of  fresh  pancreas  in  serum  or  salt  solution  or 
in  glycerine  after  osmic  acid.  Notice  the  granules  in  the  alveolar  cells, 
chiefly  accumulated  in  the  half  of  the  cell  which  is  nearest  the  lumen  of  the 
alveolus,  leaving  the  outer  zone  of  the  cell  clear. 

Sketch  a  small  portion  of  an  alveolus  under  a  high  power. 

9.  The  endings  of  the  ducts  in  the  alveoli,  and  the  termination  of 
nerve-fibres  amongst  the  gland  cells  may  be  seen  in  preparations  made  by 
the  Golgi  method. 


THE  LIVER. 

The  liver  is  a  solid  glandular  organ,  made  up  of  the  hepatic  lobules. 
These  are  polyhedral  masses  (fig.  446)  about  1  mm.  (J^-  inch)  in 
diameter,  composed  of  cells,  and  separated  from  one  another  by 
connective  tissue.  In  some  animals,  as  in  the  pig,  this  separation 
is  complete,  and  each  lobule  is  isolated,  but  in  man  and  most  animals 
it  is  incomplete.  There  is  also  a  layer  of  connective  tissue  underneath 
the  serous  covering  of  the  liver,  forming  the  so-called  capsule  of  the 
organ.  Each  lobule  is  penetrated  by  a  fine  network  of  reticular 
tissue  which  helps  to  support  the  columns  of  cells  withis  the  lobule 
<fig.  447). 

The  afferent  blood-vessels  of  the  liver  (portal  vein  and  hepatic  artery) 

enter  it  on  its  under  surface,  where  also  the  bile-duct  passes  away  from 

the  gland.    The  branches  of  these  three  vessels  accompany  one  another 

in  their  course  through  the  organ,  and  are  inclosed  by  loose  connective 

tissue  {capsule  of  Glisson),  in  which  are  lymphatic  vessels,  the  whole 

being  termed  a  p)ortal  canal  (fig.  448).    The  smaller  branches  of  the 

vessels  penetrate  to  the  intervals  between  the  hepatic  lobules,  and 

are  known  as  the  interlobular  branches.    The  blood  leaves  the  liver 

at  the  back  of  the  organ  by  the  hepatic  veins;  the  branches  of 

these  run  through  the  gland  unaccompanied  by  other  vessels  (except 

lymphatics)  and  can  also  be  traced  to  the  lobules,  from  each  of 

which  they  receive  a  minute  branch  (central  or  intralobular  vein) 

z 
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which  passes  from  the  centre  of  the  lobule,  and  opens  directl}'  into 
the  (sublobular)  branch  of  the  hepatic  yam. 


Fig.  446. — Diagrammatic  kephesentation  of  two  hepatic  lobules. 

The  left-hand  lobule  is  rei^iesented  with  the  intralobular  vein  cut  across ;  in  the  right- 
hand  one  the  section  takes  the  course  of  the  intralobular  vein,  p,  interlobular 
branches  of  the  portal  vein;  h,  intralobular  branches  of  the  hepatic  veins;  s,  sub- 
lobular vein ;  c,  capillaries  of  the  lobules.  The  arrows  indicate  the  direction  of  the 
course  of  the  blood.    The  liver-cells  are  only  represented  in  one  part  of  each  lobule. 


Fig.  447.— Reticulum  of  a  liver-lobule.  (Oppel.) 
V.C.,  central  vein ;  i,  interlobular  interval. 
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Each  lobule  is  a  mass  of  hepatic  cells  pierced  everywhere  with  a 
network  of  sinusoid  blood-vessels,  the  so-called  hepatic  capillaries 
(fig.  446),  which  at  the  periphery  of  the  lobule  receive  blood  from  the 
interlobular  branches  of  the  portal  vein  {p),  and*  converge  to  the  centre 
of  the  lobule,  where  they  unite  to  form  the  intralobular  branch  of  the 
hepatic  vein.  The  interlobular  branches  of  the  hepatic  arteries  join 
this  network  a  short  distance  from  the  periphery  of  the  lobule.  The 
blood-capillaries  are  in  direct  contact  with  the  liver  cells;  indeed,  it 
would  appear  as  if  the  endothelium  is  deficient,  for  artificial  injections 
are  seen  to  be  in  contact  with  the  cells  and  even  to  pass  between  their 
interstices  and  run  into  canaliculi  within  their  protoplasm.  The 
endothelium'  of  the  blood-vessels  (or  sinusoids)  is  in  part  at  least 


Fig.  448. — Section  of  a  portal  canal. 

a,  branch  of  hepatic  artery ;  v,  branch  of  portal  vein  ;  d,  bile-duct ;  I,  I,  lymphatics  in 
the  ai'eolar  tissue  of  GUsson's  capsule  which  incloses  the  vessels. 

represented  by  certain  conspicuous  cells  which  occur  at  intervals  on 
the  walls  of  the  sinusoids,  and  lie  in  contact  with  the  liver  cells. 
These  cells  were  described  by  Kupffer.  They  are  phagocytic,  like 
the  endothelial  cells  of  the  blood-sinuses  of  the  spleen,  and  ingest 
erythrocytes,  which  can  be  seen  within  them. 

The  hepatic  cells,  which  everywhere  lie  between  and  surround  the 
capillaries,  are  polyhedral,  somewhat  granular-looking  cells,  each 
containing  a  spherical  nucleus.  The  protoplasm  of  each  cell  is 
pervaded  by  an  irregular  network  of  canaliculi  (fig.  452),  which 
in  preparations  of  injected  liver  become  filled  with  the  injection 
material,  which  has  passed  into  them  from  the  blood-vessels  (Herring 
and  Simpson).  They  thus  form  a  system  of  intracellular  canals  which 
probably  receive  the  blood-plasma  directly  from  the  vessels.  Such 
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canals  were  conjectured  to  exist  by  Browicz,  who  showed  that  under 
certain  circumstances  not  only  haemoglobin  but  whole  red  blood- 
corpuscles,  and  even  groups  of  blood-corpuscles,  which  are  in  process 
of  breaking  down,  arfe  to  be  found  in  the  interior  of  the  hepatic 
cells.  In  the  dog's  liver  both  haemoglobin  and  bilirubin  may  be 
found  in  the  form  of  crystals  within  the  nuclei  of  the  liver-cells 
(Browicz).  It  is  easy  to  inject  these  minute  canals  from  the  blood- 
vessels, and  they  are  clearly  shown  filled  with  the  injection  mass 
in  the  preparation  of  injected  liver  of  rabbit  shown  in  fig.  453. 
Besides  these  plasma-channels,  the  liver  cells  may  show  fine,  short 


Fig.  449. — Section  of  rabbit's  liver  with  the  intercellular  network  of 
BILE-CANALICULI  INJECTED.    Highly  magnified.  (Hering.) 

Two  or  three  layers  of  cells  are  rejireseiited ;  6,  blood-capillaries. 


canals  which  communicate  with  the  intercellular  bile-ducts  (see  below) 
and  generally  commence  within  the  cell  by  a  dilatation  (secretion 
vacuoles). 

After  a  meal  many  of  the  liver  cells  may  contain  fat,  and 
masses  of  glycogen  can  also  be  seen  within  them  (fig.  454)  if  the  liver 
be  hardened  in  alcohol  and  treated  in  the  manner  described  in 
section  2.  The  cells  also  contain  pigment-granules,  many  of  which  are 
stained  by  potassium  ferrocyanide  and  hydrochloric  acid,  or  by  pure 
hsematoxylin  (presence  of  iron).  The  iron  which  is  in  organic  com- 
bination can  be  set  free  by  treatment  for  a  short  time  with  alcohol 
to  which  10  p.c.  hydrochloric  acid  has  been  added. 
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The  ducts  commence  between  the  hepatic  cells  in  the  form  of  inter- 
,ceMlar  bile-canaliculi,  which  lie  between  the  adjacent  sides  of  the 
cells,   and  receive  the  contents   of  the   secretion-vacuoles  above 
mentioned.    They  form  a  network,  the  meshes  of  which  correspond 
in  size  to  the  cells  (fig.  449),  and  at  the  periphery  of  the  lobule 


Fig.  450. — Lobule  op  babbit's  liver:  vessels  and  bile-duots  injected. 

(Cadiat.) 

a,  central  vein  ;  b,  b,  x^eripheral  or  interlobular  veins  ;  c,  interlobular  bile-duct.  The 
liver-ceUs  are  not  represented. 


they  pass  into  the  interlobular  bile-ducts  (fig.  450).  In  many  animals 
the  bile-canaliculi  do  not  form  an  actual  network  but  fine  arborisations 
between  the  cells.  They  are  always  bounded  by  hepatic  cells,  never 
placed  between  a  cell  and  a  blood  capillary  (Gr.  Eetzius). 

The  bile  ducts  are  lined  by  clear  columnar  epithelium  (fig.  448,  d). 
Outside  this  is  a  basement-membrane,  and  in  the  larger  ducts  some 
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fibrous  and  plain  muscular  tissue.  Many  of  the  large  ducts  are 
beset  with  small  blind  diverticula. 

The  gall-bladder  is  in  its  general  structure  similar  to  the  larger 
bile-ducts.    It  is  lined  by  columnar  epithelium,  and  its  wall  is  formed 


Fig.  451. — Sections  of  the  wall  of  the  gall-bladder.  (Sommer.) 

A,  Under  a  low  magiiifying  power,    a,  muscular  coat;  b,  a  fold  of  mucous  membrane ; 

c,  columnar  epithelium  ;  d,  portion  represented  in  B  more  highly  magnified. 

B,  Magnified  portion  of  epithelium  and  subjacent  corixim.    e,  striated  border ;  /,  mucigen 

granules  in  cells ;  g,  blood-capillaries. 


Fig.  453. 

Fig.  452. — A  cell  from  the  human  liver,  showing  intracellular 
CANALICULI.  (Browicz.) 

Fig.  453. — From  a  section  of  rabbit's  liver  injected  from  the  portal 

VEIN,    showing   intracellular  CANALICULI    COMMUNICATING   WITH  THE 

intercellular  blood- sinusoids. 

of  fibrous  and  muscular  tissue.  The  mucous  membrane  is  thrown 
into  reticulating  folds  (fig.  451),  which  become  larger  and  more 
numerous  near  the  neck  of  the  gall-l)ladder. 

The  lymphatics  of  the  liver  have  been  described  as  commencing  as 
perivascular  lymphatic  spaces  inclosing  the  capillaries  of  the  lobules 
(MacGillavry).    But  this  cannot  be  so,  since  there  is  no  space  between 
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the  liver  cells  and  the  sinusoid  capillaries  with  which  they  come  into 
immediate  relationship  (Herring  and  Simpson).  All  that  can  be 
positively  asserted  is  that  there  are  numerous  lymphatics  accompany- 
ing the  branches  of  the  portal  vein,  and  others,  less  numerous, 
accompanying  the  tributaries  of  the  hepatic  veins,  but  so  far  as  can 
be  ascertained  no  direct  communication  exists  between  the  two  sets 
of  lymphatics  within  the  lobules,  although  they  communicate  freely 


Fig.  4.'i4. — Liver  cells  containing  glycogen.  (Barfurth.) 


both  at  the  periphery  of  the  lobules  and  near  their  exit  from  the  liver. 
Most  of  the  lymph  passes  out  by  the  portal  lymphatics. 

Nerves  are  described  as  distributed  both  to  the  blood-vessels  and  to 
the  liver-cells. 

THE  PANCREAS. 

The  pancreas  is  a  tubulo-racemose  gland,  resembling  the  salivary 
glands  so  far  as  its  general  structure  is  concerned,  but  differing  from 
them  in  the  fact  that  the  alveoli  are  longer  and.  more  tubular  in 
character.  Moreover,  the  connective  tissue  of  the  gland  is  somewhat 
looser,  and  there  occur  in  the  glandular  substance  here  and  there 
small  groups  of  epithelium-like  cells  unfurnished  with  ducts  (islets  of 
Langerhans)  (fig.  455,  a;  fig.  456),  which  are  supplied  with  a  close 
network  of  large  convoluted  capillary  vessels  (fig.  457).  Their 
function  is  unknown,  but  their  presence  is  very  characteristic  of  the 
pancreas.  The  degeneration  which  they  sometimes  undergo  in  cases 
of  diabetes  mellitus  (as  well  as  other  considerations)  seems  to  suggest 
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that  they  are  concerned  with  the  influence  exerted  by  the  pancreas 
on  the  metabolism  of  carbohydrates. 


6  -■ 


—  e 


Fig.  455.— Section  of  human  pancreas.    (Bohm  and  v.  Davidoff.)  Af^. 

a,  group  of  colls  in  intei-stitial  tissue  (islet  of  Langerhans)-;  6,  connective  tissue  ;  c,  larger 
duct ;  d,  d,  alveoli  with  centro-acinar  cells ;  e,  small  duct  passing  into  alveoli ;  /.  inner 
gi-anular  zone  of  alveolus. 


Fig.  45G.— Section  of  pancrea.s  of  armadillo  .showing  several  alveoli 

AND  A  LARGE  INTERALVi:OLAR  CELL-ISLET.     (V.  D.  Harri.S.) 

The  cells  of  the  alveoli  arc  shrunken,  but  they  show  markedly  the  two  zones,  the  outer 
or  non-granular  stained  deeiDly  by  hsematoxj-lin. 


The  cells  which  line  the  alveoli  are  columnar  or  polyhedral  in 
shape.  AVhen  examined  in  the  fresh  condition,  or  in  sections  stained 
by  certain  reagents  (e.g.  osmic  acid),  their  protoplasm  is  seen  to  be 
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Fig.  458.— Paet  of  an  alveolus  of  the  kabbit's  pancreas.    A,  at  hest; 
B,  AFTER  ACTIVE  SECRETION.    (From  Foster,  after  Kiihne  and  Lea.) 

a,  the  inner  granular  zone,  which  in  A  is  larger  and  mw'e  closely  studded  with 
granules  than  in  B,  in  which  the  granules  are  fewer ;  b,  the  outer  transparent  zone, 
small  in  A,  lai-ger  in  B,  and  in  the  latter  marked  with  faint  strife ;  c,  the  lumen, 
very  obvious  in  B,  but  indistinct  in  A  ;  d,  indentation  at  the  junction  of  two  cells, 
only  distinct  in  B. 


Fig.  459. — Alveoli  of  jjog  s  rANCUEAs,  cells  loaded. 
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filled  in  the  inner  two-thirds  with  granules,  but  the  outer  third  is 
left  clear  or  is  striated  (fig.  455,  458,  A;  fig.  459).  After  a  period  of 
activity  the  clear  part  of  the  cell  becomes  larger,  and  the  granular 
part  smaller  (fig.  458,  B;  fig.  460).  In  hfematoxylin-stained  sections 
the  outer  part  is  coloured  more  deeply  than  the  inner  (fig.  456). 


m 


Fig.  461. — Fhom  a  section  of  human  pancreas,    (v.  Ebner.)  Magnified 

530  diameters. 

a,  a,  outei-  zones  of  alveolar  ccUs  with  striated  appearance ;  6,  inner  granular  zones ; 
m,  membrana  propria ;  c,  centro-aciuar  cells,  here  occurring  in  unusually  large 
amount;  d,  junctional  part  of  duct;  its  epithelium  is  continuous  with  the  centro- 
acinar  cells. 

Pancreas  cells  frequently  exhibit  a  rounded  mass  of  granules  or 
fibrils  (mitochondria)  near  the  nucleus,  which  is  known  as  the  para- 
nucleus :  this  is  probably  related  to  the  secretory  activity  of  the 
cells. 

In  the  centre  of  each  acinus  there  may  generally  be  seen  soipe 
spindle-shaped  cells  (centro-acinar  cells  of  Langerhans — fig.  455,  d),  the 
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nature  of  which  has  not  been  definitely  determined;  but  they  appear  to 
be  continued  from  the  cells  which  line  the  smallest  ducts  (fig.  455,  <?). 
Sometimes  they  are  much  more  conspicuous  and  fill  the  parts  of  the 
alveoli  which  are  nearest  to  the  duct  (fig.  461) ;  in  these  cases  the  mass 
of  cells  which  they  form  is  liable  to  be  mistaken  for  a  Langerhans'  islet. 


A 


Fig.  462. — A  duct  of  the  pancreas  with  lateral  diverticula  into  the 

ALVEOLI  ;   GOLGI  METHOD.     (B.  Muller.) 

In  A  the  duct  is  shown  cut  longitudiniilly  and  giving  off  ductules,  in,  to  the  alveoli, 
where  thoy  extend  between  the  cells  (i).  In  B  the  details  of  their  temiination  are 
shown  more  highly  magnified. 


Diverticula  from  the  lumen  of  the  alveolus  penetrate  between  the 
alveolar  cells  (fig.  462).  The  pancreas  has  many  nerves,  with  numer- 
ous small  nerve-cells  distributed  upon  their  course  ;  the  nerve-fibrils 
end  by  ramifying  amongst  the  cells  of  the  alveoli,  as  in  the  salivary 
glands.  In  the  cat,  which  has  Pacinian  bodies  in  its  mesentery,  these 
terminal  organs  are  also  found  numerously  in  the  substance  of  the 
pancreas  (V.  D.  Harris). 
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LESSON  XXXVI. 
STRUCTURE  OF  THE  KIDNEY. 

1.  Sections  passing  through  the  whole  kidney  of  a  small  mammal,  such  as  a 
mouse  or  rat.  The  sections  will  show  the  general  arrangement  of  the  organ 
and  the  disposition  of  the  tubules  and  of  the  Malpighian  corpuscles. 

2.  Thin  sections  of  the  kidnej'  of  a  larger  mammal,  such  as  the  dog  or  cat, 
may  next  be  studied.  In  some  the  direction  of  the  section  .should  be  parallel 
with  the  i^ays  of  the  medulla,  and  in  others  across  their  direction.  The 
characters  of  the  eiMthelium  of  the  several  parts  of  the  uriniferous  tubules 
and  the  structure  of  the  glomeruli  are  to  be  made  out  in  these  sections. 

3.  Separate  portions  of  the  uriniferous  tubules  may  be  studied  in  teased 
preparations  from  a  kidney  which  has  been  macerated  in  strong  hydro- 
chloric acid  for  a  few  hours.  This  renders  it  possible  to  unravel  the 
uriniferous  tubules  for  some  distance. 

4.  Thick  sections  of  a  kidney  in  which  the  blood-vessels  have  been 
injected.  Examine  these  with  a  low  power  of  the  microscope.  Follow  the 
course  of  the  arteries — those  to  the  cortex  sending  their  branches  to  the 
glomeruli,  those  to  the  medulla  rapidly  dividing  into  pencils  of  fine  vessels 
which  run  between  the  straight  uriniferous  tubules  of  the  boundary  zone. 
Notice  also  the  efi'erent  vessels  from  the  glomeruli  breaking  up  into  the 
capillaries  which  are  distributed  to  the  tubules  of  the  cortical  substance. 


The  kidney  is  a  compound  tubular  gland.  '  To  the  naked  eye  it 
appears  formed  of  two  portions — a  cortical  and  a  medullary  (fig.  463). 
The  latter  is  subdivided  in  man  into  about  twelve  pyramidal  portions 
{pyramids  of  Malpighi),  the  base  (boundary  zone)  of  each  being  sur- 
rounded by  cortical  substance,  while  the  apex  projects  in  the  form  of 
a  papilla  into  the  dilated  commencement  of  the  ureter  (pelvis  of  the 
kidney).^  Both  cortex  and  medulla  are  composed  entirely  of  tubules 
— the  icriniferous  tubules — which  have  a  straight  direction  in  the  medulla 
and  a  contorted  arrangement  in  the  cortex  ;  but  groups  of  straight 
tubules  also  pass  from  the  medulla  through  the  thickness  of  the  cortex 
{medullary  rays)  (figs.  463,  464). 

The  uriniferous  tubules  begin  in  the  cortical  part  of  the  organ  in 
dilatations,  each  inclosing  a  tuft  or  glomerulus  of  convoluted  capillary 
blood-vessels  [corpuscles  of  Malpighi),  the  dilated  commencement  of  the 
tubule  being  known  as  the  capsule  (fig.  467,  m).    The  glomerulus  is 

^  In  many  animals  [e.rj.  dog,  cat,  rabbit,  and  monkey)  the  whole  kidne/  is 
formed  of  only  a  single  pyramid,  Init  in  other  animals  the  pj'ramids  are  even 
more  numerous  than  in  man. 
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lobulated  (figs.  465,  466) ;  the  lobules  being  united  by  the  afferent 
and  efferent  vessels  and  covered  by  a  flattened  epithelium  reflected 


Fig.  463.— Diagram  of  the  counsE  of  the  tubules  in  a  unipyrajiidal 

KIDNEY,  SUCH  AS  THAT  OP  THE  RABBIT.  (Toldt.) 

a,  Malpighian  bodies ;  6,  first  couvoluted  tubule  ;  c,  d,  looped  tube  of  Henle  ;  c,  second 
convoluted  ;  /,  collecting  tube  ;  g,  ducts  of  Bellini. 


Fig.  -164. — Section  through  part  of  a 
dog's  kidney.  (Ludwig.) 

p,  papillary,  and  g,  boundary  zones  of  the  medulla  ; 
r,  cortical  layer ;  h,  bundles  of  tubules  in  the 
boundary  layer,  separated  by  sjjaces,  b,  containing 
bunches  of  vessels  (not  here  represented),  and 
prolonged  into  the  cortex  as  the  medullary  rays, 
m  ;  c,  intervals  of  cortex,  composed  chiefly  of  con- 
voluted tubules,  with  irregular  rows  of  glomeruli, 
between  the  meduUaiy  rays. 


from  that  lining  the  capsule.  The  glomeruli  near  the  medulla  are 
larger  than  the  rest  and  have  more  lobules.  The  capillary-wall  in  all 
the  glomeruli  is  a  syncytium,  showing  no  cell-outlines  in  silver  pre- 
parations (Drasch). 
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The  tubule  leaves  the  capsule  by  a  neck  (fig.  467,  n)  which  is  rarely 
narrower  than  the  rest  of  the  tubule  in  mammals.    In  some  animals  (e.g. 


Fig.  406.— JIodel  of  a  glomekulus.  (Johnston.) 
a,  afTci-ent ;  f,  efferent  blood-vessel. 


UEINIFEEOUS  TUBULES. 


frog)  the  neck  is  long,  and  has  ciliated  epithelium.  The  tubule  is  at 
first  convoluted  {first  or  distal  convoluted  tubule).    It  then  becomes  nearly 


Fig.  467.— Plan  of  the  abhange- 
ment  of  the  ueiniferous  tubules. 
(Huber.) 

M,  Malijighian  corpuscles ;  v,  point  of 
entrance  of  vessels  of  glomerulus  ; 
It,  neck  ;  d.c,  distal  convoluted  tubule, 
which  arises  from  the  Malpighiau 
corijuscle ;  s,  spiral  tubule  into  which 
it  is  continued  ;  d,  narrow  descending 
limb  of  loop  of  Henle ;  H,  loop 
of  Henle  (this  is  sometimes  formed 
by  the  naiTow  part  of  the  loojied 
tubule,  but  is  here  represented  as 
formed  by  the  wider  part);  a,  v?ider 
ascending  limb  of  looi)  of  Henle ;  this 
jiasses  back  to  the  neighbourhood  of 
the  same  Malpighian  corpuscle,  often 
becoming  in-egular  and  zigzag  at  its 
upperend.  Hereitbecomes  continuous 
with  the  proximal  convoluted  tubule, 
p.c,  which  eventually  jjasses  into  the 
junctional  tubule,  j,  by  which  it  is 
connected  with  a  collecting  tubule, 
c.  B,  duct  of  Bellini,  receiving  a  num- 
ber of  conjoined  collecting  tubules  and 
ojoening  at  a  papilla. 


Straight  or  slightly  spiral  only  {spiral  tubule),  and  rapidly  narrowing 
passes  down  into  the  medulla  towards  the  dilated  commencement  of  the 
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ureter  as  the  descending  limb  of  the  looped  tuhule  of  Henle.  It  does  not  at 
once,  however,  open  directly  into  the  pelvis  of  the  kidney,  but  before 
reaching  the  end  of  the  papilla  it  turns  round  in  the  form  of  a  loop 
{loop  of  Henle),  and  passes  upwards  again  towards  the  cortex,  parallel 
to  its  fornaer  course,  and  larger  than  before  {ascending  limb  of  looped 


Fig.  468. — Part  of  a  section  through  the  cortex  op  a  human  kidney,  the 
blood-vessels  of  which  have  been  injected.  (dissc.) 

gl,  a  glomerulus  ;  m.r.,  section  of  a  medullary  ray. 


tubule  of  Henle).  Arrived  at  the  cortex  it  approaches  close  to  the 
capsule  from  which  the  tubule  took  origin,  but  at  a  point  opposite  to 
the  origin,  viz.  near  the  afferent  and  efferent  vessels  of  the  glomerulus 
(Golgi).  It  then  becomes  larger  and  irregularly  zigzag  {zigzag  oi' 
irregular  tubule),  and  again  somewhat  convoluted  {second  or  proximal 
convoluted  tubule).    Eventually  it  straightens  out  again  and  narrowing 
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into  a  small  vessel  (junctional  tubule),  joins  a  straight  or  collecting  tubule. 
The  last-named  unites  with  others  to  form  larger  collecting  tubes  which 
pass  through  the  medullary  substance 
of  the  kidney  to  open  at  the  apex  of 
the  papilla  as  the  ducts   of  Bellini 

(fig.  my 

The  tubules  are  throughout  bounded 
by  a  basement-membrane,  which  is 
lined  by  epithelium,  but  the  characters 
of  the  epithelium-cells  vary  in  the 
different  parts  of  a  tubule.  In  the 
mpsule  (fig,  465),  the  epithelium  is 
flattened  and  is  reflected  over  the 
glomerulus.  In  some  animals  (e.g. 
mouse)  the  granular  epithelium  of 
the  convoluted  tube  is  prolonged  a 
little  way  into  the  capsule.  In  the  first 
convoluted  and  spiral  tubules  the  epithelium  is  thick,  and  the  cells  are 


Fig.  469.— Section  of  a  convoluted 

TUBULE  OF  THE  RABBIT'S  KIDNET, 
SHOWING  THE    STRUCTURE  OF  THE 

EPITHELIUM.  (Szymonowicz. )  Mag- 
nified 1100  diameters. 


Fig.  470.— Passage  of  the  spiral  continuation  of  a  distal  convoluted 

TUBULE   into  THE  DESCENDING  LIMB   OF   A    LOOPED   TUBULE  OF  HENLE. 

(Disse.)    The  bend  is  accidental. 

s,  end  of  spiral  tubule  ;  d,  naiTow  descending  limb  of  looped  tubule  of  Henle. 

markedly  granular,  with  a  tendency  for  the  granules  to  be  arranged  in 
lines  perpendicular  to  the  basement-membrane  (rodded  or  fibrillar  appear- 

'  The  terms  distal  and  proximal  as  applied  to  the  convoluted  tubules  are  some- 
times used  in  a  sense  the  reverse  of  that  here  employed. 

2  A 
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ance,  fig.  469).  The  granules  of  the  cells  are  eosinophil.  The  cells  often 
exhibit  a  brush  of  cilium-like  processes  projecting  into  the  lumen  (fig. 
469),  but  these  are  not  vibratile.  In  the  narrow  descending  limh  of  the 
looped  kihdes,  and  in  the  loop  itself,  the  cells  are  clear  and  flattened 
(fig.  469),  and  leave  a  relatively  large  lumen  ;  in  the  asceruling  limh  they 
again  acquire  a  granular  or  fibrillar  structure  and  may  nearly  fill  the 
lumen.  The  arrangement  of  the  cell-granules  in  lines  perpendicular  to 
the  basement-membrane  is  still  more  marked  in  the  zigzag  tubules,  and 
a  similar  structure  is  present  also  in  the  second  convoluted  tubules,  into 
which  these  pass.  On  the  other  hand,  the  junctional  tubule  has  a  larger 
lumen  and  in  it  the  granular  striated  epithelium  gives  place  to  clear 
flattened  cells.  The  collecting  tubes  have  also  a  very  distinct  lumen  and 
are  lined  by  clear  cubical  or  columnar  epithelium  cells  (fig.  471,  a). 

The  following  gives  a  tabular  view  of  the  parts  which  compose 
a  uriniferous  tubule,  and  the  nature  of  the  epithelium  in  each 
part : 


Portion  of  Tubule. 

Nature  of  Epithelium. 

Position  of  Tubule. 

Capsule 

Distal  convoluted  tubule 

Spiral  tubule 

Descending     limb  of 
looped  tubule  . 

Loop  of  Henle 

Ascending      limb  of 

looped  tubule  . 
Zigzag  tubule 

Proximal  convoluted 
tubule 

Junctional  tubule . 

Straight   or  collecting 

tubule 
Duct  of  Bellini 

Flattened,  reflected  over  glomerulus, 
where  its  cells  are  said  to  form  a 
syncytium  ..... 

Cubical,  granular,  with  appearance 
of  fibrillation  ("rodded"),  the  cells 
interlocking  ..... 

Like  the  last  

Clear  flattened  cells  .... 

Like  the  last  (or  may  be  like  the 
ascending  limb)  .... 

Cubical,  granular :  the  cells  some- 
times imbricated  .... 

Cells  strongly  "rodded":  varying 
height,  lumen  small 

Similar  to  distal  convoluted  tube,  but 
cells  are  longer,  with  larger  nuclei, 
and  they  have  a  more  refractive 

Clear  flattened  and  cubical  cells 

Clear  cubical  and  columnar  cells 

Clear  columnar  cells .       .       .  • 

Labyrinth  of  cortex.' 
Labyrinth  of  cortex. 

Medullary   ray  of 
cortex. 

Boundary  zone  and 
partly  papillary 
zone  of  medulla. 

Papillary  zone  of 
medulla. 

Medulla,  and  medul- 
lary ray  of  cortex. 

Labyrinth  of  cortex. 

Labyrinth  of  cortex. 

Labyrinth,  passing  to 
medullars  ray. 

Medullary  ray  and 
medulla. 

Opens  at  apex  of 
papilla. 

Blood-vessels. — The  renal  artery  divides  into  branches  on  entering 
the  organ,  and  these  branches  pass  towards  the  cortex,  forming  in- 
complete arches  between  the  cortex  and  the  medulla  (fig.  473,  «). 
The  branches  of  the  renal  vein  form  similar  but  more  complete 
arches  (g).    From  the  arterial  arches  vessels  pass  through  the  cortex 

iThe  part  of  the  cortex  between  and  surrounding  the  medullary  rays  is  so  named. 
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{cortical  or  interlohilar  arteries,  b),  and  give  off  at  intervals  (in  some 
animals  from  one  side  only)  small  arterioles  {afferent  vessels  of  the 
glomeruli),  each  of  which  enters  the  dilated  commencement  of  a  urini- 
ferous  tubule,  within  which  its  capillaries  form  a  glomerulus.  From 
the  glomerulus  a  somewhat  smaller  efferent  vessel  passes  out,  and  this 
at  once  again  breaks  up  into  capillaries,  which  are  distributed  amongst 
the  tubules  of  the  cortex  {e) ;  their  blood  is  collected  by  veins  which  run 
parallel  with  the  cortical  arteries  but  not  in  juxtaposition  with  them  : 
these  veins  join  the  venous  arches  between  the  cortex  and  the  medulla  ; 
they  receive  blood  from  certain  other  veins  which  arise  by  radicles 


Fie.  471. — Section  across  a  papilla  op  the  kidney.  (Cadiat.) 


a,  large  collecting  tubes  (ducts  of  Bellini);  6,  c,  d,  tubules  of  Henle  ;  c,/,  blood-capillaries. 


having  a  somewhat  stellate  arrangement  near  the  capsule  {vence 
stellulce,  j). 

The  medulla  derives  its  blood-supply  from  special  offsets  of  the 
arterial  arches,  which  almost  immediately  break  up  into  pencils  of  fine 
straight  arterioles  running  in  groups  between  the  straight  tubules  of 
the  medulla.  These  arterioles  supply  a  capillary  network  with 
elongated  meshes  which  pervades  the  medulla  (fig.  473,  /),  and  which 
terminates  in  a  plexus  of  somewhat  larger  venous  capillaries  in  the 
papillse.  From  these  and  from  the  other  capillaries  the  venules  of 
the  medulla  collect  the  blood,  and  pass,  accompanying  the  straight 
arterioles,  into  the  venous  arches  between  the  cortex  and  medulla. 
The  groups  of  small  arteries  and  veins  {vasa  recta)  in  the  part  of  the 
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medulla  nearest  to  the  cortex  alternate  with  groups  of  the  uriniferous 
tubules,  and  this  arrangement  confers  a  striated  aspect  upon  this 
portion  of  the  medulla  {boundary  zone,  fig.  464,  g). 


Fig.  472. — Longitudinal  section  through  a  papilla  of  the  kidney  showing 
ITS  projection  at  one  of  the  calices  op  the  kidney-pelvis.  (Disse.) 

The  ducts  of  Bellini  are  seen  cut  obliquely  ;  the  smaller  tubules  are  looped  tubules  of 
Henle.  a,  epithelium  covering  papilla ;  b,  epithelium  lining  calix ;  c,  cavity  of 
calix ;  d,  connective  tissue. 


The  efferent  vessels  of  those  glomeruli  which  are  situated  nearest 
to  the  medulla  also  break  up  into  pencils  of  fine  vessels  (false  vasa 
recta)  which  join  the  capillary  network  of  the  medulla  (fig.  473,  d). 
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Between  the  uriniferous  tubules,  and  supporting  the  blood-vessels, 
is  a  certain  amount  of  connective  tissue  (fig.  471),  which  contains 
cleft-like  lymphatics. 


Fig.  473. — Vasculak  supply  of  kidney.  (Cadiat.) 

(!,  part  of  arterial  arch ;  b,  interlobular  artery ;  c,  glomerulus  ;  <X,  efferent  vessel  passing 
to  medulla  as  false  arteria  recta ;  e,  capillaries  of  cortex ;  j\  capillaries  of  medulla  ; 
g,  venous  arch ;  h,  straight  veins  of  medulla ;     vena  stellula ;  t,  interlobular  vein. 

Nerve-fibrils  are  described  as  ramifying  amongst  the  epithelium-cells 
of  the  tubules  (fig.  474),  but  most  of  the  nerves  to  the  kidneys  are 
distributed  to  the  blood-vessels. 

Development  of  the  uriniferous  tubules.— The  ducts  of  Bellini  and  the 
collecting  tubules  are  derived  as  hollow  sprouts  from  the  enlarged  upper 
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end  of  the  ureter,  which  in  its  turn  is  formed  as  a  bud  from  the  Wolffian 
duct  of  the  embryo.  The  rest  of  tlie  urinifez^ous  tubules,  including  the 
Malpighian  corpuscle,  is  formed  from  a  hollow  S-shaped  island  of  cells 


Fig.  474. — Nerve  fibrils  ending  over  capillary  blood-vessels  and 

AMONGST  the  EPITHELIUM  CELLS  OF  A  CONVOLUTED  TUBE  OF  THE  FROG'S 

KIDNEY.  (Smirnow.) 


1  2  3 


4  5 

Fig  475.— Five  diagrams  to  illustrate  the  mode  of  development  of  the 

UIUNIFEROUS  TUBULES  AND  THE  GLOMERULI.  (Huber.) 
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which  become  difFerentiated  in  the  mesoderm  near  the  blind  end  of  a 
collecting  tubule.  The  lower  part  of  the  S  forms  a  spoon-shaped  structure, 
within  the  bowl  of  which  the  vessels  of  the  glomeruli  become  developed: 
the  sides  of  the  bowl  then  grow  round  and  comjiletely  inclose  them. 
The  upper  part  of  the  S  forms  a  convoluted  tubule  which  before  long  makes 
connection  with  the  previously  blind  end  of  the  foi'ked  collecting  tubule. 
At  first  there  is  no  sign  of  the  looped  tubule,  but  this  presently  grows  down 
from  the  convoluted  tubule,  very  mucli  as  if  a  part  of  this  tube  had  been 
drawn  out  towards  the  papilla.  The  several  stages  of  formation  of  the 
uriniferous  tubule  are  shown  in  the  diagrams  marked  1  to  5  in  fig.  475. 
These  diagrams  exhibit  nine  stages  of  development  of  the  tubules,  since  in 
every  one,  except  diagram  3,  an  earlier  stage  is  represented  upon  the  left- 
hand  side,  and  a  later  upon  the  right-hand  side. 
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LESSON  XXXVIL 

STRUCTURE  OF  THE  URETER,  BLADDER,  AND 
MALE  GENERATIVE  ORGANS. 

1.  Section  across  the  lower  part  of  the  ni-eter.  Another  section  may  be 
taken  across  the  upjDer  part  near  the  pelvis  of  the  kidnej'. 

2.  Section  of  the  urinary  bladder  vertical  to  the  surface. 

In  the  sections  of  the  ureter  and  of  the  urinary  bladder,  notice  the  tran- 
sitional epithelium  resting  on  a  raucous  membrane,  which  is  composed  of 
areolar  tissue  without  glands  (in  most  animals),  and  the  muscular  coat 
outside  this.  In  the  ureter  there  is  a  layer  of  connective  tissue  outside  the 
muscular  coat,  and  at  the  upper  part  of  the  bladder  a  layer  of  serous 
membrane  covering  the  muscular  tissue. 

3.  Section  across  the  penis  (child  or  monkey).  The  blood-vessels  of  the 
organ  should  be  injected  with  the  hardening  Huid  so  as  the  better  to  exhibit 
the  arrangement  of  the  venous  spaces  which  constitute  the  erectile  tissue. 
Notice  the  large  venous  sinuses  of  the  corpora  cavernosa  and  the  smaller 
spaces  of  the  corjDus  spongiosum,  in  the  middle  of  which  is  seen  the 
(flattened)  tube  of  the  urethra. 

4.  Section  across  urethra  and  prostate  gland  (child  or  monkey).  Notice 
the  glandular  tubes  and  the  plain  muscular  tissue  of  the  prostate,  and  the 
character  of  the  urethral  epithelium. 

5.  Section  of  testis  and  epididymis.  The  sections  may  be  made  from 
a  rat's  testis  which  has  been  hardened  in  alcohol  ;  they  can  be  stained 
"with  iron-haematoxylin.  In  these  sections  notice  the  strong  capsule  sur- 
rounding the  gland,  the  substance  of  which  consists  of  tubules  which  are 
variously  cut  ;  and  the  epithelium  of  the  tubules,  which  is  in  different 
phases  of  development  in  different  tubules.  Observe  the  strands  of  poly- 
hedral interstitial  cells,  much  more  numerous  in  some  animals,  Ij'ing  in  the 
loose  tissue  between  the  tubules  ;  also  the  lymphatic  clefts  in  that  tissue. 
Notice  in  sections  through  the  epididymis  the  epithelium  of  that  tube. 

Sketch  carefully  under  a  high  power  the  contents  of  some  of  the  semini- 
ferous tubules  to  illustrate  the  mode  of  formation  of  the  spermatozoa. 

6.  Examination  of  spermatozoa.  Spermatozoa  may  be  obtained  fresh  from 
the  testicle  or  seminal  vesicles  of  a  recently  killed  mammal  and  examined  in 
saline  solution.  Their  movements  may  be  studied  on  the  warm  stage  ;  to 
display  their  structure  a  very  high  power  of  the  microscope  is  necessaiy. 
They  may  be  preserved  and  stained  as  "  film  "  preparations,  as  with  marrow 
(P-  32).   

The  ureter  (fig.  476)  is  a  muscular  tube  lined  by  mucous  membrane. 
The  muscular  coat  consists  of  two  layers  of  plain  muscular  tissue,  an 
outer  circular,  and  an  inner  longitudinal.  In  the  lower  part  there 
are  some  longitudinal  bundles  external  to  the  circular.  Outside  the 
muscular  coat  is  a  layer  of  connective  tissue  in  which  the  blood-vessels 
and  nerves  ramify  before  entering  the  muscular  layer. 
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The  mucous  membrane  is  composed  of  areolar  tissue,  and  is  lined  by 
transitional  epithelium,  like  that  of  the  bladder. 

The  urinary  bladder  has  a  muscular  wall  lined  by  a  strong  mucous 
membrane  and  covered  in  part  by  a  serous  coat. 


Fig.  476.— Section  across  the  upper  part  op  the  ureter,    (v.  Ebner.) 

Magnified  14  diameters. 
e,  epithelium  ;  s,  mucous  mem' rui.  ;  /,  longitudinal  mu.scle  ;  r,  circular  muscle. 


Fig.  477. -  Section  of  part  of  wall  of  ba.se  of  bladder,  human.  (Lendorf.) 

Magnified  230  diameters. 

The  section  passes  through  a  glandular  invagination  of  the  eijithelium.   ep,  epithelium  ; 

c,  coriuni. 


The  muscular  coat  consists  of  three  layers,  but  the  innermost  is 
incomplete.  The  pi-incipal  fibres  run  longitudinally  and  circularly,  and 
the  circular  fibres  are  collected  into  a  layer  of  some  thickness  which 
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immediately  surrounds  the  commencement  of  the  urethra.  The  mucous- 
membrane  is  lined  by  a  transitional  stratified  epithelium  (figs.  477,  478). 
The  shape  and  structure  of  the  cells  have  already  been  studied  (p.  67). 
Many  of  the  superficial  cells  have  two  nuclei.  Near  the  base  of  the 
bladder  gland-like  invaginations  of  the  epithelium  are  occasionally 
found  (fig.  477),  and  in  the  bladder  of  some  animals  well-marked  glands 
are  constantly  found. 

The  nerves  to  the  bladder  form  gangliated  plexuses,  and  are  dis- 
tributed to  the  muscular  tissue  and  blood-vessels :  some  are  said  to 
enter  the  epithelium. 

The  penis  is  mainly  composed  of  cavernous  tissue  which  is  collected 
into  two  principal  tracts— the  corpora  cavernosa,  one  on  each  side,  and 
the  corims  spongiosum  in  the  middle  line  inferiorly.    All  these  are 

a 

—  h 

■t 

-  d 

Fig.  478.— Section  of  the  jrucous  jiembk-'^ne  of  the  bladder  to  show  its 

EPITHELIUM.    (Szymonowicz. ) 
a,  b,  superficial  epithelium-cells ;  c,  leucocyte  ;  d,  connective  tissue  of  inucoiis  membrane. 

bounded  by  a  strong  capsule  of  fibrous  and  plain  muscular  tissue,  con- 
taining also  many  elastic  fibres  and  sending  in  strong  septa  or 
trabeculae  of  the  same  tissues,  which  form  the  boundaries  of  the 
cavernous  spaces  of  the  erectile  tissue  (fig.  480).  The  arteries  of  the 
tissue  run  in  these  trabeculae,  and  their  capillaries  open  into  the 
cavernous  spaces.  On  the  other  hand,  the  spaces  are  connected  with 
efferent  veins.  The  arteries  of  the  cavernous  tissue  may  sometimes  in 
injected  specimens  be  observed  to  form  looped  or  twisted  projections 
into  the  cavernous  spaces  (helicine  arteries  of  Mvller),  into  which  they 
may  open  directly. 

The  integument  of  the  penis  and  clitoris,  especially  that  of  the  glans, 
contains  numerous  special  nerve  end-organs  of  the  nature  of  end-bulbs 
(see  p.  191),  and  Pacinian  bodies  are  also  found  upon  the  nerves. 
Lymphatic  vessels  are  numerous  in  the  integument  of  the  organ  and 
Also  in  the  submucous  tissue  of  the  urethra. 
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Fig.  479.— Thaxsverse  section  of  glans  penis  of  child.  (Rotlifekl.) 

,  coiijora  cavernosa ;  sp,  coi-pus  spongiosum  ;  sp',  corpus  spongiosum  urethrsa,  with  tho 
lumen  of  the  urethi-a  in  the  centre  appearing  as  an  in-egiilar  slit  with  folded  walls. 


Fig.  480.— Section  of  erectile  tissue.  (Cadiat.) 
a,  trabeculiB  of  connective  tissue,  with  elastic  fibres,  and  bundles  of  i)lain  muscular 
tissue,  some  out  across  (c) ;  h,  blood-sinusos. 
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Urethra.— The  cross-section  of  the  urethra  appears  in  the  middle 
of  the  corpus  spongiosum  in  the  form  of  a  cleft  (fig.  479).    It  is  lined 


'  sr. 

A  ® 
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Fig.  481.— Section  through  the  opening  of  the  duct  of  a  gl.\nd  into 
THE  MALE  URETHRA.    (Licliteiiberg. ) 

<j,  gland  ;  m,  its  mouth  ;  u,  epithelium  of  urothm.    The  gland  is  similar  in  structure  to 
Cowper's  glands,  but  simpler  in  conformation.    Its  cells  are  mucus-secreting. 


in  the  prostatic  part  by  transitional,  but  elsewhere  by  columnar 
epithelium,  except  near  its  orifice,  where  the  epithelium  is  stratified. 
In  the  female  urethra  the  epithelium  is  stratified  throughout.  The 
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epithelium  rests  upon  a  vascular  mucous  membrane,  which  contains 
longitudinally  disposed  plain  muscular  fibres,  and  in  the  membranous 
urethra,  circularly  disposed  cross-striated  fibres.  Outside  the  mucous 
membrane  is  a  coating  of  submucous  tissue,  with  two  layers  of  plain 
muscular  fibre — an  inner  longitudinal  and  an  outer  circular.  Outside 
this  again  is  a  close  plexus  of  small  veins  which  is  connected  with,  and 
may  be  said  to  form  part  of,  the  corpus  spongiosum. 

The  mucous  membrane  of  the  urethra  is  beset  with  small  mucous 
glands,  simple  and  compound  {glands  of  Liitrd).  There  are  also  a 
number  of  oblique  recesses  termed  lamnce.    Besides  these  small  glands 


Fig.  482.— Section  of  puostate.  (Heitzmann.) 
M,  muscular  tissue  ;  £,  epithelium  ;  C,  concretions. 


and  glandular  recesses,  two  compound  racemose  glands  open  into  the 
bulbous  portion  of  the  urethra  (Cowpers  glands).  Their  acini  are  lined 
by  clear  columnar  cells  which  yield  a  mucus-like  secretion  (fig.  481). 

The  prostate,  which  surrounds  the  commencement  of  the  urethra,  is 
a  muscular  and  glandular  mass,  the  glands  of  which  are  composed  of 
tubular  alveoli,  lined  by  columnar  epithelium,  with  smaller  cells  lying 
between  them  and  the  basement  membrane  (fig.  482).  Their  ducts 
open  upon  the  floor  of  the  urethra.  In  old  subjects  the  tubules  often 
contain  colloid  or  calcareous  concretions.  The  muscular  tissue  is  of 
the  plain  variety. 

Blood-vessels  and  nerves  are  numerous.  The  nerves  are  provided 
with  small  ganglia  and  are  distributed  partly  to  the  muscular  tissue, 
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partly  to  the  glands,  and  others  (sensory)  to  the  capsule,  and  to  the 
wall  of  the  urethra.  The  sensory  nerves  end  in  plexuses  and  in  peculiar 
terminal  corpuscles  like  simple  Pacinian  bodies  (Timofeew). 

The  testicle  is  inclosed  by  a  strong  fibrous  capsule,  the  tunica 
albuginea  (figs.  483,  484).  This  is  covered  externally  with  a  layer  of 
serous  epithelium  reflected  from  the  tunica  vaginalis.  From  its  inner 
surface  there  proceed  fibrous  processes  or  trabecular,  which  imperfectly 
subdivide   the  organ  into   lobules,  and   posteriorly  the  capsule  is 


Fig.  483. — Section  of  human  testis  and  kpididymis,  somewhat  magnified. 
(Bohm  and  v.  Davidoff.) 

a,  glandular  substance  divided  into  lobules  by  septa  of  connective  tissue  ;  b,  tunica  albu- 
ginea ;  c,  head  of  eijididymis  ;  d,  i-ete  testis ;  e,  middle  part  or  body  of  epididymis ;  /, 
mediastinum  giving  origin  to  the  septa ;  g,  sections  of  the  commencing  vas  deferens. 

prolonged  into  the  interior  of  the  gland  in  the  form  of  a  mass  of  fibrous 
tissue,  which  is  known  as  the  mediastim/m  testis.  Attached  to  the 
posterior  margin  of  the  body  of  the  gland  is  a  mass  (epididymis)  which 
when  investigated  is  found  to  consist  of  a  single  convoluted  tube, 
receiving  at  its  upper  end  the  efferent  ducts  of  the  testis  and  prolonged 
at  its  lower  end  into  a  thick-walled  muscular  tube,  the  vas  deferens, 
which  conducts  the  secretion  to  the  urethra. 

The  glandular  substance  of  the  testicle  is  wholly  made  up  of 
convoluted  tubules,  which  when  unravelled  are  of  very  considei'able 
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length.  Each  commences  near  the  tunica  albuginea,  and  after  many 
windings  terminates,  usually  after  joining  one  or  two  others,  in  a 
straight  tubule,  which  passes  into  the  mediastinum,  and  there  forms, 
by  uniting  with  the  other  straight  tubules,  a  network  of  intercom- 
municating vessels  of  varying  size,  which  is  known  as  the  rete  testis 
(fig.  -485).  From  the  rete  a  certain  number  of  efferent  tubules  arise, 
and  after  a  few  convolutions  pass  into  the  tube  of  the  epididymis. 

The  straight  tubules  which  lead  from  the  convoluted  seminiferous 
tubes  into  the  rete  testis  are  lined  only  by  a  single  layer  of  clear 


Fig.  484. — Transverse  section  of  testicle  and  epididymis,  man.  (Ebertb.) 

a,  tunica  albugiuea ;  s.t.,  seminiferous  tubules;  s,  trabeculie  dividing  the  gland  into 
lobules  ;  v,  tunica  vaginalis  ;  v',  cavity  of  tunica  vaginalis  ;  m,  mediastinum  testis  ; 
c,  epididymis;  e',  caput  epididymis;  v.,  vas  deferens  (cut  four  times);  v.c,  vasa 
efferentia.  d. 

flattened  or  cubical  epithelium.  The  tubules  of  the  rete  also  have  a 
simple  epithelial  lining ;  both  in  these  and  in  the  straight  tubules  the 
basement-membrane  is  absent,  the  epithelium  being  supported  directly 
by  the  connective  tissue  of  the  mediastinum. 

The  efferent  tubules  which  pass  from  the  rete  to  the  epididymis  are 
lined  by  columnar  ciliated  epithelium.  In  man  their  lumen  is  irregular 
in  section,  and  the  inner  surface  pitted  with  depressions  (intra-epithelial 
glands)  lined  by  short  clear  non-ciliated  cells  (J.  SchufFer).  The  tube 
of  the  epididymis  is  lined  by  long  columnar  cells  having  at  their  bases 
smaller  cubical  cells  with  spherical  nuclei  (fig.  486).   The  columnar  cells 
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are  provided  with  what  appear  to  he  bunches  of  cilium-like  fibrils  pro- 
jecting into  the  himen  of  the  tube.  These  apparent  cilia  are,  however, 
not  vibratile  as  was  formerly  supposed,  and  are  therefore  not  true  cilia 
(Neumann,  Myers-Ward).  They  appear  to  vary  in  development  in 
different  cells,  and  are  probably  connected  in  some  way  with  the 
formation  of  the  secretion  of  the  epididymis  and  its  extrusion  into 
the  lumen  of  the  tube.    The  epididymis  cells  exhibit  canaliculi  in 


Fig.  485. — Passage  of  convoluted  seminiferous  tubules  into  straight 

TUBULES  AND  OF  THESE  INTO  THE  RETK  TESTIS.     (Mihalkowicz. ) 

a,  seminiferous  tubules ;  b,  fibrous  stroma  continued  from  the  mediastinum  testis ; 

c,  rete  testis. 

their  cytoplasm,  which,  according  to  Holmgren,  communicate  with  the 
exterior  at  the  attached  border  of  the  cell  (fig.  487).  The  tube  of 
the  epididymis  has  a  considerable  amount  of  plain  muscular  tissue  in 
its  wall  (fig.  486). 

The  ms  deferens  (fig.  488)  is  a  thick-walled  tube,  formed  of  an  outer 
layer  of  longitudinal  bundles  of  plain  muscular  tissue,  and  within  this 
anj'equally  thick  layer  of  circular  bundles  of  the  same  tissue ;  within 
this  again  is  a  thinner  layer  of  longitudinal  muscle.  There  is  a  good  deal 
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of  connective  and  elastic  tissue  between  the  muscular  bundles.  The 
tube  is  lined  by  a  mucous  membrane,  the  inner  surface  of  which  is 
covered  by  columnar  rion-ciliated  epithelium. 
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Fig.  486. — Section  of  the  tube  of  the  epiuidymis.  (Szymonowioz.) 
Magnified  300  diameters. 
a,  blood-vessel ;  h,  circular  muscular  fibres ;  c,  epithelium. 


Fig.  487. — Cells  of  epididymis,  showing  canalisation  of  the  cytoplasm. 

(E.  Holmgren.) 

n,  nucleus.    In  two  cells  the  canals  extend  to  the  basement  membrane. 

The  ampullce  of  the  vasa  deferentia,  and  the  vesiculce  seminales,  are  in 
structure  similar  to  the  vas  deferens,  but  their  corrugated  walls  are 
much  thinner  and  less  muscular. 

2b 
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Intertubular  tissue.— The  connective  tissue  between  the  tubules  of 
the  testis  is  generally  of  very  loose  texture,  and  contains  numerous 
lymphatic  clefts,  which  form  an  intercommunicating  system  of  com- 
mencing lymphatic  vessels.  Lying  in  this  intertubular  tissue  are 
strands  of  polyhedral  epithelium-like  cells  {interstitial  cells,  see  figs.  490, 
491)  of  a  yellowish  colour;  they  are  much  more  abundant  in  some 
species  of  animals  (cat,  boar)  than  in  others.  They  accompany  the 
blood-vessels  before  these  break  up  to  form  the  capillary  networks 
which  cover  the  walls  of  the  seminiferous  tubules. 


Fig.  488. — Section  across  the  commencement  of  the  vas  deferens.  (Klein.) 

o,  epithelium  ;  h,  mucous  membrane ;  c,  d,  e,  inner,  middle,  and  outer  layers  of  the 
muscular  coat ;  /,  bundles  of  the  internal  creniaster  muscle ;  g,  section  of  a  blood  - 
vessel. 

The  interstitial  cells  contain  in  many  animals  yellowish-brown  fat- 
globules  (staining  with  osmic  acid),  and  also  sometimes  needle-shaped 
crystals  (proteid).  Similar  fatty  globules  may  occur  in  the  Sertoli 
cells  of  the  seminiferous  tubules  (see  above),  and  have  been  thought 
to  be  derived  from  those  of  the  interstitial  tissue. 

Structure  of  the  tubules. — The  seminiferous  tubules  are  formed  of  a 
connective-tissue  membrane,  which  has  a  lamellar  structure.  The 
lamellae  are  covered  by  flattened  cells ;  fibres,  chiefly  elastic,  occupy 
the  substance  of  the  lamella.    In  the  adult  the  tubules  contain  several 
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layers  of  epithelium-cells.  But  in  the  testicle  of  the  child  there  is  no 
clear  distinction  into  layers,  the  cells  being  all  more  or  less  similar 
except  where  they  are  in  process  of  division  (fig.  489).  Of  these  layers, 
the  one  next  to  the  basement-membrane  is  a  stratum  of  clear  cubical 
cells  {spermatogonia  or  spermogons,  figs.  490,  491,  a),  the  nuclei  of  which 
for  the  most  part  exhibit  the  irregular  network  which  is  characteristic 
of  the  resting  condition,  but  in  certain  tubules  show  indications  of 
division.  Here  and  there  between  the  spermatogonia  some  of  the 
lining  epithelium-cells  are  enlarged,  and  project  between  the  more 
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Fig.  489. — Section  of  a  testicle  of  a  9-teaii  old  child.  (Spangaro.) 

a,  enlarged  cells  (spermatogonia),  some  of  them  dividing ;  several  contain  crystals 
(Lubar's  ci-ystals) ;  6,  cells  lining  the  tubule ;  c,  coagulated  contents  of  tubule ;  d, 
interstitial  tissue  ;  c,  mast-cells. 

internal  layers,  being  connected  with  groups  of  developing  spermatozoa. 
These  enlarged  cells  are  the  cells  of  Sertoli  (fig.  494,  a',  a" ;  fig.  497). 

Next  to  this  lining  epithelium  is  a  zone  of  larger  ceWs  {spermatocytes 
or  sperrnocytes,  fig.  494,  b),  the  nuclei  of  which  are  usually  in  some 
stage  of  hetero-  or  homo-typical  mitotic  division ;  these  cells  may  be 
two  or  three  deep  (as  in  a,  fig.  491).  Next  to  them,  and  most 
internal,  are  to  be  seen  in  some  tubules  (fig.  491,  h  and  c)  a  large 
number  of  small  protoplasmic  cells  with  simple  spherical  nuclei 
{spermatids  or  spiermids,  fig.  494,  c).  In  other  tubules  the  spermatids 
are  elongated,  and  the  nucleus  is  at  one  end,  and  in  others  again  these 
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elongated  cells  are  converted  into  evident  spermatozoa,  which  lie  in 
groups  :  their  heads  projecting  between  the  deeper  cells  and  connected 
with  one  of  the  Sertoli  cells  of  the  lining  epithelium,  and  their  tails 
emerging  into  the  lumen  of  the  tubule  (fig.  491,  i).  As  they  become 
matured  they  gradually  shift  altogether  towards  the  lumen,  where  they 
eventually  become  free  (c).    During  the  time  that  this  crop  of  sper- 
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Fig.  490.— Section  fhom  the  testicle  op  a  42-teae  old  man.  (Spangaro.) 

a,  interstitial  cells ;  6,  some  containing  pigxaent ;  c,  nuclei  of  ordinaiy  connective-tissue 
cells ;  d,  mast-cell.  In  the  section  of  the  tubule  may  be  seen  in  succession  from 
without  in,  spermatogonia,  spermatocytes,  spermatids,  and  spermatozoa.  A  few 
spermatids  and  spermatozoa  are  detached  and  occupy  the  middle  of  the  tubule. 

matozoa  has  been  forming,  another  set  of  spermocytes  has  been 
produced  by  the  division  of  the  spermogonia,  and  on  the  discharge 
of  the  spermatozoa  the  process  is  repeated  as  before  (see  diagram, 
fig.  494). 

The  spermatozoa. — Each  spermatozoon  or  sperm  consists  of  three 
parts,  a  head,  a  midde  pari  or  body,  and  a  long  tapering  and  vibrating 
iail  (fig.  492).  In  man  the  head  is  of  a  flattened  oval  shape,  somewhat 
more  flattened  anteriorly ;  in  some  animals  it  bears  a  small  barb-like 
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projection  at  its  extremity,  but  this  appears  to  be  absent  in  the  human 
spermatozoon.  The  apical  part  is  covered  by  a  cap  of  a  somewhat 
different  appearance  from  the  rest— the  head-cap.  The  middle-piece  is  in 
man  short  and  cyh'ndrical,  and  has  a  spiral  fibre  passing  round  it.  An 
axial  fibre,  itself  fibrillated,  passes  from  a  knob  close  to  the  head  right 
through  the  body  and  tail.  The  tail  is  the  longest  part  of  the  sper- 
matozoon, and  when  examined  with  the  microscope  in  the  fresh 
condition  is  seen  to  be  in  continual  vibratile  motion,  the  action 
resembling  that  of  a  cilium.    The  extremity  of  the  tail  {end-piece) 


Fig.  491.  Fig.  492. 


Fig.  491. — Section  of  parts  op  three  seminiferous  tubdles  of  the  eat. 

a,  with  the  spermatozoa  least  advanced  in  development ;  h,  more  advanced  ;  c,  containing' 
fully  developed  spermatozoa.  Between  the  tubules  are  seen  strands  of  interstitial 
cells  with  blood-vessels  and  lymph-spaces. 

Fig.  492. — Human  spermatozoa,    ^y.    (G.  Eetzius.) 

1,  in  profile ;  2,  viewed  on  the  flat ;  6,  head  ;  c,  middle  piece  ;  d,  tail ;  e,  end-piece  of  the 
tail,  which  is  described  as  a  distinct  part  by  Retziiis. 

forms  a  distinct  part  of  the  spermatozoon,  and  in  some  animals  may 
split  into  two  or  three  fibrils ;  these  can  also  sometimes  be  traced  along 
the  whole  length  of  the  tail.    Human  spermatozoa  are  about  0*05  mm. 

inch)  long,  the  head  and  middle-piece  each  measuring  about  xV*^ 
of  this  amount. 

In  different  animals  the  shape  of  the  head  and  the  extent  of  middle- 
piece  and  tail  vary  greatly  (fig.  493).  In  the  rat  (fig.  495,  7)  the  head 
is  long,  and  is  recurved  anteriorly  ;  it  is  set  obliquely  on  the  middle- 
piece,  which  is  also  of  considerable  extent,  and  which  has  a  closely 
wound  spiral  filament  encircling  it  (H.  H.  Brown).  In  the  newt  the 
head  is  long  and  tapering,  and  the  tail  has  a  membranous  expansion, 
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attached  in  a  spiral  manner  along  its  whole  length.  This  has  also  been 
described  in  the  human  spermatozoon,  but  its  existence  here  is  doubtful. 
In  decapods,  which  possess  no  cilia,  the  spermatozoa  are  stellate  and 
motionless  (fig.  493, 1);  in  nematoid  worms  they  are  amoeboid  (fig.  493,  k). 
Sometimes  two  distinct  kinds  of  spermatozoa  are  met  with  in  the  same 
species  of  animal,  one  kind  being  far  the  larger  in  size  (giant  sperma- 
tozoa) but  much  less  numerous.  Such  giant  spermatozoa  have  been 
observed  in  man. 

Although  the  tail  of  the  spermatozoon  is  usually  classed  Avith  cilia, 


a 
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Fig.  493.— Different  forms  of  spermatozoa.    (From  Verworn.) 

a,  of  bat ;  b,  c,  of  frog  ;  d,  of  fiuch  ;  e,  of  ram  :  /,  g,  of  boar  ;  A,  of  a  jelly-fish ; 
i,  of  a  monkey ;  I,  of  crab ;  k,  of  round-worm, 

it  exhibits  far  greater  complexity  of  structure  and  is 
a  much  more  highly  differentiated  structure.  Spermatozoa 
also  diflfer  from  cilia  in  being  highly  resistant  to  putrefaction 
and  to  chemical  reagents,  even  including  the  strongest  acids 
and  alkalies. 

Spermogenesis. — The  spermatozoa  are  developed  from  the  small 
cells  (spermatids)  which  form  the  innermost  stratum  of  the  seminal 
epithelium,  and  these  are  themselves  produced  by  the  division  of 
the  large  spermocytes  of  the  second  layer.  It  is  probable  that  fresh 
spermocytes  are  formed  by  division  of  some  of  the  lining  epithelium- 
cells  or  spermogons.  The  cycle  of  changes  therefore  which  takes  place 
is  as  follows:  1.  Division  of  a  lining  epithelium-cell  or  spermogon 
into  two,  one  of  which  grows  larger  ("  growing  cells  "  of  H.  H.  Brown), 
becomes  a  spermocyte,  and  passes  into  the  second  layer,  while  the 
other  remains  in  the  first  layer.  2.  Division  of  the  spermocyte. 
3.  Further  division  of  the  daughter-spermocytes  thus  produced.  The 
four  cells  (spermatids)  which  result  from  this  double  division  possess 
only  one-half  the  somatic  number  of  chromosomes  in  their  nuclei. 
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Fig.  494. — Diagram  exhibiting  the  cycle  of  phases  of  spermogenesis 

(rat). 

<i,  lining  epithelium  cells  or  spermatogonia,  seen  dividing  in  6 ;  a',  a",  Sertoli  cells ; 
6,  spermatocytes,  with  skein-like  nuclear  filaments.  These  cells  are  seen  actively 
dividing  in  5.  c,  spermatids,  forming  an  iiTegular  column  or  clump  in  0,  7,  8,  and  1 , 
and  connected  to  an  enlarged  Sertoli  cell,  a',  of  the  lining  epithelium  in  2,  3,  4, 
and  5.  In  6,  7,  and  S  advanced  spermatozoa  of  one  crop  are  seen  between  columns 
of  spermatids  of  the  next  crop,  s',  parts  of  the  spermatids  which  disappear  when 
the  spermatozoa  are  fully  formed ;  s,  seminal  gramiles. 


Fig.  495. — Spermatozoa  from  the  rat  in  different  stages  of  develop- 
ment.   (H.  H.  Brown.) 

1-6,  developing  spermatozoa  from  tlie  testicle ;  7,  a  mature  spermatozoon  from  the  vas 
deferens.  The  remains  of  the  protoplasm  of  the  coll,  wliich  is  seen  in  6  still  adhering 
to  the  middle  picco  of  the  spermatozoon  and  containing  a  number  of  chromatin 
granules,  appears  to  be  thrown  off  as  the  spermatozoon  matures. 
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"reduction"  having  been  effected  in  the  final  cell-divisions  by  which  the 
spermatids  are  produced  (see  p.  17).  4.  Elongation  of  the  spermatids 
and  their  gradual  conversion  into  spermatozoa.  As  they  undergo  this 
conversion  their  grouping  becomes  more  evident,  and  each  group  is 
found  to  be  connected  with  a  cell  of  Sertoli  (figs.  494,  ct',  497), 
which  probably  ministers  to  their  nutrition.  This  cell  undergoes  a 
gradual  process  of  elongation  so  that  the  spermatozoa  by  the  time 
they  are  fully  developed  are  brought  to  the  lumen  of  the  tube, 
in  which  they  then  become  "free.    In  the  meantime  other  alternate 


Fig.  496. — Changes  in  the  spermatids  in  the  couusk  of  formation  of 

THE  SPERMATOZOA.  (Niessillg.) 

The  tail  filament  is  seen  (in  a  and  e)  to  extend  from  the  centrosome,  which  lies  close  to  the 
nucleus.  The  head-cap  (shown  in  e)  is  produced  by  a  transformation  of  part  of  the 
archoplasm  which  becomes  vacuolated  (i,  c,  d). 


groups  of  spermatids  from  which  the  next  crop  of  spermatozoa  ■will 
be  derived  are  being  formed  in  the  same  manner,  passing  through 
the  same  cycle  of  changes.  So  that  in  a  longitudinal  section  even 
of  the  same  tubule  different  phases  of  development  may  be  observed, 
and  in  different  tubules  of  the  same  testicle  every  phase  may  be 
traced.  The  accompanying  diagram  (fig.  494),  which  is  constructed 
from  drawings  by  H.  H.  Brown,  illustrates  the  cycle  of  changes 
above  described ;  it  is  divided  into  eight  parts,  each  of  which  shows 
the  condition  of  the  epithelium  of  a  seminiferous  tubule  at  a 
particular  stage. 
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Each  spermatid  becomes  converted  into  a  spermatozoon  in  the 
following  manner  (figs.  495,  496).  The  nucleus  forms  the  chief  part  of  the 
head,  while  the  tail  develops  as  an  outgrowth  of  the  centrosome  and  cyto- 
plasm. The  tail-filament  appears  within  the  protoplasm,  growing  out 
from  the  centriole  of  the  cell,  which  lies  close  to  the  nucleus  (fig.  496). 
The  centriole  is  double,  and  one  of  its  two 
particles  forms  an  annular  expansion  or  ring 
which,  as  development  proceeds,  moves  down 
the  tail-filament  until  it  reaches  the  place 
where  this  leaves  the  cytoplasm :  here  it 
ultimately  forms  the  limit  of  the  body  or 
middle  piece  of  the  spermatozoon.  The 
archoplasm  (see  p.  9)  assists  in  forming  the 
head  of  the  spermatozoon;  a  portion  (the 
idiozome  of  Meves)  at  an  early  stage  sepa- 
rates from  the  rest,  lying  apically  to  the 
nucleus.  Within  this  portion  vacuoles  form 
(fig.  496,  b,  c,  cl)  which  presently  run  to- 
gether into  a  clear  non-stainable  globule 
which  flattens  out  over  the  nucleus  and 
forms  (fig.  496,  e)  the  head-cap  of  the 
spermatozoon ;  as  development  proceeds 
this  may  become  indistinguishable  from  the 
rest  of  the  head.  The  spiral  fibre  of  the 
middle  piece  is  developed  from  mitochondria 
in  the  spermatid  (Benda)  (fig.  7,  p.  6). 

A  portion  of  the  protoplasm  of  each 
spermatid  containing  a  number  of  chromatin- 
particles  (seminal  granules)  becomes  detached 
and  disintegrated  before  the  spermatozoon 
is  fully  matured  (fig.  494,  s,  s'). 

A  few  spermocytes  undergo  incomplete  division,  and  the  resulting 
spermatids  are  large  (giant  spermatids)  and  contain  either  one  large 
nucleus  or  two  or  more  nuclei  which  ultimately  blend  to  form  the 
head  of  the  spermatozoon.  In  these  cases  there  are  a  corresponding 
number  of  centrosomes,  from  each  of  which  a  tail-filament  may  become 
developed. 


Fig.  497. — A  cell  of  Sertoli 

WITH  WHICH  THK  SPERMA- 
TIDS (three  op  WHICH  ARE. 

shown)  are  beginning  TO 

BE    CONNECTED  :  HUMAN. 

(Bramman.) 
The  cell  contains  globules  (of 
nutritive  substance)  staining 
with  osmic  acid,  and  similar 
but  smaller  globules  are  also, 
seen  in  the  spermatids.  The 
"ring  "  formed  around  the  tail 
filament  by  one  of  the  particles 
of  the  centrosome  (see  text)  is 
showai  in  each  of  these  sper- 
matids close  to  the  "head." 
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LESSON  XXXVIII. 

GENERATIVE  ORGANS  OF  THE  FEMALE. 

1.  Sections  of  the  ovary  of  the  non-pregnant  rabbit  or  cat.  (If  from  a 
pregnant  animal  the  organ  may  be  largely  occupied  by  luteal  tissue.) 
Study  the  sections  with  a  low  power,  observing  the  small  and  large 
Graafian  follicles,  each  inclosing  an  ovum,  scattered  through  the  stroma. 
Measure  some  Graafian  follicles  of  difi'erent  sizes  ;  make  a  general  sketch 
of  a  section  under  the  low  power.  Then  sketch  carefully  two  or  more  of 
the  follicles  with  their  contents  under  a  high  power. 

2.  Section  across  the  Fallopian  tube.  Sketch  a  section  under  the  low 
power. 

3.  Section  across  the  body  of  the  uterus,  or  across  a  cornu  of  a  bicorned 
uterus.  Observe  with  the  naked  eye  the  thickness  of  the  muscular  and 
mucous  coats  respectively.  Notice  the  (ciliated)  columnar  epithelium  lining 
the  organ  and  extending  into  the  glands  of  the  mucous  membrane.  Draw 
a  part  of  a  section  under  the  low  power. 

4.  Section  of  the  placenta.  Notice  the  venous  spaces  occupied  by 
blood-corpuscles,  and  within  the  spaces  sections  of  the  foetal  villi. 

5.  Sections  of  the  mucous  membrane  of  the  vagina.  Notice  the  stratified 
scaly  epithelium  which  lines  it  and  which  is  continued  over  the  projecting 
part  of  the  os  uteri. 

6.  Take  the  fresh  ovary  of  a  recently  killed  animal  and  with  a  needle  or 
fine  scalpel-point  prick  one  of  the  largest  and  most  prominent  of  the  Graafian 
follicles.  The  organ  must  be  held  just  over  a  slide  so  that  on  pricking  the 
follicle  the  fluid  contents  may  spurt  out  on  to  the  glass.  Examine  the  drop 
of  liquor  foUiculi  with  a  low  power  for  the  escaped  ovum,  which  will  be 
surrounded  by  follicular  cells.  When  found  place  a  piece  of  hair  in  the 
drop,  cover  with  cover-glass  and  examine  with  high  power. 


THE  OVARY. 

The  ovary  is  a  small  solid  organ,  composed  of  a  stroma  of  fibrous 
tissue,  with  many  spindle-shaped  cells,  and  also  containing,  near  its 
attachment  to  the  broad  ligament,  a  large  number  of  plain  muscular 
fibres.  It  is  covered  by  a  layer  of  small  columnar  epithelium-cells 
(germinal  epithelium,  fig.  499,  a),  between  which  may  here  and  there 
be  seen  a  few  larger  spheroidal  cells,  with  large  round  nuclei.  In 
the  young  subject  the  epithelium  occasionally  dips  down  into  the 
subjacent  stroma. 

The  stroma  is  beset  with  vesicles  of  different  sizes,  the  smallest 
being  near  the  surface  of  the  organ,  the  larger  ones  placed  more 
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deeply  in  the  stroma,  although,  as  they  increase  in  size,  they  extend 
towards  the  surface  (fig.  498). 

These  vesicles  are  the  Graafian  follicles.  Each  Graafian  follicle  has 
a  proper  wall  {theca  folliculi)  formed  of  a  layer  derived  from  the  stroma, 
and  a  special  inner  layer  containing  large  cells  :  both  are  highly 
vascular.  Each  follicle  contains  an  ovum  and  epithelium.  In  the 
smallest  follicles  the  ovum  is  small,  and  the  epithelium  of  the  follicle 
is  formed  of  a  single  layer  of  cells  which  may  be  flattened  against 
the  ovum  (fig.  500).  In  somewhat  larger  follicles  the  epithelium-cells 
are  in  two  layers,  and  these  are  columnar  in  shape  (fig.  502,  e).  In 
still  larger  ones,  each  of  these  two  layers  is  formed  of  several  strata  of 


Fig.  498. — Section  of  the  ovakt  of  the  cat.    f-.  (Schron.) 

I,  outer  covering  and  free  border  of  the  ovary  ;  T,  attached  border  ;  2,  the  central  ovarian 
stroma,  showing  a  fibrous  and  vascular  structure ;  3,  periiaheral  stroma ;  U,  blood- 
vessels ;  5,  Graafian  follicles  in  then-  eai-liest  stages  lying  near  the  surface ;  6,  7,  S, 
more  advanced  foUicles  which  are  embedded  more  deeply  in  the  stroma  ;  9,  an  almost 
mature  follicle  containing  the  ovum  in  its  deepest  part ;  9',  a  follicle  from  which  the 
ovum  has  fallen  out  in  preparing  the  section  ;  10,  corpus  luteum. 

cells,  and  fluid  has  begun  to  collect  between  the  layers  at  one  part.  Of 
the  two  layers,  the  one  which  lines  the  cavity  of  the  follicle  is  termed 
the  membrana  granulosa,  while  the  mass  of  cells  which  more  immediately 
surrounds  the  ovum  is  known  as  the  cumulus  or  discus  proligerus. 

In  the  largest  follicles  .the  fluid  has  much  increased  in  amount,  so 
that  the  follicle  has  become  gradually  larger  and  more  tense.  Finally 
it  reaches  the  surface  of  the  ovary,  and  projects  from  the  surface, 
where  it  eventually  bursts,  and  the  liquor  folliculi,  with  its  contained 
ovum,  is  set  free.  This  event  is  believed  to  occur  usually  at  some  time 
during  menstruation. 

Some  of  the  Graafian  follicles  do  not  burst,  but,  after  attaining  a 
certain  stage  of  maturity,  undergo  a  process  of  retrograde  metamor- 
phosis and  eventually  disappear. 
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The  ovarian  ova  or  oocytes  are  large  spherical  cells  (fig.  503) 
about  0-2  mm.  (^^^  inch)  in  diameter.    When  fully  formed,  as  in  the 
largest  Graafian  follicles,  each  ovum  is  surrounded  by  a  thick  trans- 


FiG.  499.— Section  of  the  ovary  of  an  adult  bitch.  (Waldeyer.) 

a,  germ-epithelium  ;  b,  remains  of  egg-tubes  ;  c,  small  follicles  ;  d,  more  advanced  foUicle ; 
e,  discus  proligerus  and  ovum  ;  /,  second  ovum  in  the  same  follicle  (this  occurs  but 
rarely);  g,  outer  tunic  of  the  follicle;  h,  inner  tunic;  i,  membrana  granulosa;  k, 
collapsed  retrograded  follicle ;  I,  blood-vessels ;  7)i,  m,  longitudinal  and  transverse 
sections  of  tubes  of  the  iDarovarium ;  ?/,  involuted  i^ortion  of  the  germ-epitheUum 
of  the  surface ;  2,  place  of  the  transition  from  peritoneal  to  genninal  or  ovarian 
epithelium.  . 

pellucida).  Within  this  is  the  protoplasm  of 
the  oocyte  (viiellus),  filled  with  fatty  and  albuminous  granules  (yolk 
granules).  Lying  in  the  vitellus,  generally  eccentrically,  is  the  large 
clear  round  nucleus  (germinal  vesicle),  which  may  show  an  intranuclear 
network,  and  invariably  has  a  well-marked  nucleolus  (germinal  spot), 
sometimes  more  than  one. 
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Oogenesis.— Both  the  ova  and  the  epithelium  of  the  Graafian  follicles 
iginate  from  the  germinal  epithelium  of  the  embryo.    This  forms  at 


Fig.  500.— Section  of  part  of  human  ovary  .showing  small  graafian 

FOLLICLES  IMBEDDED  IN  A  FIBRO-OELLULAR  STROMA.  (Sellheim.) 


.  Fig.  501.— a  moderately  large  graafian  follicle  from  the  human  ovary, 
showing  ovum  surrounded  by  "discus  proligerus  "  AND  wall  of  follicle 
lined  by  "membrana  granulosa."  Between  them  is  an  accumulation 
of  liquor  folliouli.  (Sellheim.) 

first  a  simple  layer  covering  the  stroma,  but  later  becomes  thickened 
and  multiple.  After  a  time  rounded  cords  of  epithelium-cells  {egg- 
tubes  of  Pfliiger ;  fig.  502,  A)  grow  down  into  the  stroma,  whilst  this 
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at  the  same  time  grows  into  the  epithelium.  The  cords  presently 
become  broken  up  by  ingrowths  of  stroma  into  small  isolated  nests  of 


Fig.  502. — Figures  showing  various  stages  in  the  development  of  the 
graafian  follicles  of  the  rabbit. 

A,  from  ovai-y  of  young  rabbit,  showing  "egg-tubes  "  of  Pfl tiger  gi'owing  in  from  geiToinal 
epithelium  ;  some  of  the  tubes  contain  primitive  ova ;  b,  primitive  Graafian  follicles 
formed  from  the  breaking  up  of  an  egg-tube ;  c,  a  young  Graafian  follicle,  with  a  • 
single  layer  of  follicle-epithelium  ;  d,  a  somewhat  older  follicle,  with  the  second  layer 
forming  within  the  first ;  E,  a  more  advanced  follicle,  showing  two  complete  layers  of 
columnar  epithelium  surrounding  the  ovum  within  the  foUicle. 

epithelium-cells,  each  of  which  may  represent  a  Graafian  follicle. 
To  form  the  ova,  some  of  the  cells  become  enlarged  (primitive  ova), 
and  usually  there  is  one  such  enlarged  cell  in  each  of  the  isolated 
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nests.  The  remaining  cells  form  the  epithelium  of  the  follicle  (see 
fig.  502,  B,  c).  It  is  stated  that  the  protoplasm  of  the  ovum  remains 
connected  with  the  cells  of  the  discus  proligerus  by  fine  processes 
which  pass  through  pores  in  the  zona  pellucida,  and  on  the  other 


Fig.  503.— Human  ovum;'  highly  magnified.  (Waldeyer.) 
The  zona  pellucida  is  suiTouiided  by  cells  of  the  discus  proligerus,  which  are  adherent  to  it. 

hand,  the  epithelium  cells  of  the  follicle  are  themselves  inter-connected 
by  protoplasmic  bridges,  so  that  the  whole  forms  a  kind  of  syncytium. 

The  stroma  of  the  ovary  contains,  besides  the  spindle-shaped  con- 
nective-tissue cells  and  plain  muscular  fibres  already  mentioned,  a 
number  of  epithelium-like  interstitial  cells.  Some  of  these  are  derived 
from  the  germinal   epithelium,  and   appear  capable  of  developing 
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into  ova  and  follicle  epithelium-cells  (Lane-Claypon) ;  others  have 
originated  from  cells  of  corpora  lutea.  These  last  are  large  yellow 
nodules  which  are  developed  out  of  the  Graafian  follicles  after  the 
ova  have  been  extruded  (figs.  504,  505).  They  consist  of  columns  of 
large  yellowish  cells  {luteal  cells),  with  intervening  trabeculse  of  vascular 
fibrous  tissue,  which  converge  to  a  central  strand  of  connective  tissue 
occupying  the  axis  of  the  nodule  (fig.  505).    The  columns  of  cells 
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Fig.  504. — Three  stages  in  the  for- 
mation  OF  THE  CORPUS  LUTEUM  IN 

THE  MOUSE.  (Sobotta.) 

A.  The  follicular  eijitliellum,  fe,  is  hyper- 
trophied,  and  vascular  processes,  a,  of  the 
theoa,  til,  or  wall  of  the  follicle  are  growing 
into  it. 

B.  The  epithelial  mass  is  now  subdivided 
into  lobule-like  masses,  I,  of  luteal  ceUs  by 
the  thecal  ingrowths ;  e,  epithelium  of 
surface  of  ovary. 

C.  There  are  now  very  numerous  thecal 
septa  or  trabeculse,  and  the  columns  of 
luteal  cells  are  much  narrower.  A  central 
cavity  is  still  seen. 


are  not  unlike  those  of  the  cortex  of  the  suprarenal  capsule.  The 
corpus  luteum  is  derived  from  the  wall — probably  in  the  main  from 
the  epithelium — of  the  follicle,  which  becomes  thickened  and  folded 
by  multiplication  and  hypertrophy  of  its  cells ;  between  the  folds 
connective  tissue  and  blood-vessels  grow  in  from  the  theca  towards 
the  centre  of  the  follicle;  in  this  way  the  columnar  arrangement 
above  mentioned  is  produced.    After  persisting  for  a  time  the  corpus 
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luteum  gradually  disappears,  its  tissue  becoming  merged  in  the 
surrounding  stroma.  Corpora  lutea  grow  much  larger  and  remain 
much  longer  persistent  in  the  event  of  pregnancy  supervening. 

The  use  of  the  corpus  luteum  is  not  known  certainly,  but  it  has 
been  suo-o-estecl  that  it  may  yield  an  internal  secretion,  the  effect  of  which 
is  to  produce  the  fixation  of  the  fertilised  ovum  in  the  uterine  mucous 
membrane  (Born).  In  confirmation  of  this,  experiments  seem  to  mdicate 
that  gestation  does  not  supervene  in  animals  whose  corpora  lutea  have  been 
destroyed  (Fraenkel  and  Cohn),  or  from  which  the  ovaries  have  been  removed 
during  the  first  stages  of  pregnancy  (Marshall  and  Jolly). 


Fig.  505. — Coepds  luteum  of  mouse.  (Sobotta.) 

This  figure  shows  a  more  advanced  stage  of  development,  the  luteal  tissue  being  now 
vascularised  and  the  central  cavity  obliterated. 

The  blood-vessels  of  the  ovary  are  very  large  and  numerous,  and  are 
especially  distributed  to  the  walls  of  the  Graafian  follicles,  over  which  they 
form  a  close  network. 

THE  FALLOPIAN  TUBES  AND  UTERUS. 

The  Fallopian  tubes  are  lined  by  a  very  vascular  mucous  membrane 
which  is  covered  with  ciliated  epithelium,  and  has  numerous  longi- 
tudinal folds  (fig.  506).  Externally  they  are  covered  by  a  serous 
coat,  within  which  is  a  thin  longitudinal  stratum  of  plain  muscular 
fibres  overlying  circular  fibres  of  the  same  tissue,  but  these  layers  are 
not  distinctly  marked  off  from  one  another. 

2c 
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The  human  uterus  is  composed  of  two  parts,  the  body  and  cervix. 
The  body  of  the  uterus  is  formed  of  the  following  layers : 

1.  A  serous  layer,  derived  from  the  peritoneum,  which  covers  the 
greater  part  of  the  fundus. 

2.  A  muscular  layer,  which  is  of  considerable  thickness  and  is  formed 
of  plain  muscular  fibres  disposed  in  three,  more  or  less  blended,  strata. 
Of  these  the  outer  has  its  fibres  arranged  partly  longitudinally,  partly 
circularly.  The  middle  muscular  layer,  on  the  other  hand,  is  thick ; 
its  fibres  run  in  diff"ereiit  directions,  and  it  contains  the  ramifications 
of  the  larger  blood-vessels.  The  inner  layer,  again,  is  thinner  and 
has  both  longitudinal  and  circular  fibres,  many  of  the  latter  being 
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Fig.  506.— Section  across  the  fallopian  tube.  (Diagrammatic.) 

prolonged  internally  into  the  deeper  part  of  the  mucous  membrane; 
the  extremities  of  the  uterine  glands  extend  between  and  amongst 
its  fibres. 

3.  A  mucous  membrane,  which  is  very  thick  and  is  composed  of  soft 
connective  tissue  containing  a  large  number  of  spindle-shaped  cells.  It 
is  lined  by  ciliated  epithelium  and  contains  long,  simple,  tubular 
glands,  which  take  a  curved  or  convoluted  course  in  passing  through 
the  membrane  (fig.  508).  Their  (ciliated)  epithelium  is  continuous  with 
that  which  covers  the  inner  surface  of  the  mucous  membrane.  In  the 
cervix  the  mucous  membrane  is  marked  by  longitudinal  and  oblique 
ridges,  and  the  glands  are  shorter  but  more  complex  than  those  of  the 
body  of  the  uterus,  and  are  lined  by  columnar  mucus-secreting 
cells.    Near  the  os  uteri  the  epithelium  becomes  non-ciliated  columnar, 
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Fig.  507. — Section  of  mucous  membrane  of  human  uterus  during  men- 
struation, SHOWING  masses  OF  BLOOD  WHICH  HAS  ESCAPED  FROM  RUPTURED 
CAPILLARIES  INTO  THE  INTERGLANDULAR  TISSUE,  AND  HAS  AT  ONE  PLACE  (*) 
BROKEN  THROUGH  THE  SURFACE  EPITHELIUM.  (Sellheim.) 


FiG.  508.— Section  of  a  cornu  of  the  rabbit's  uterus. 
;rous  layer;  I  m.,  longitudinal  muscular  fibres;  cm.,  circular  muscular  fibres  of  the 
muscular  coat ;  o  areolar  tissue  with  large  blood-vessels  ;  m.m.,  muscularis  mucoste  • 
m,  mucous  membrane.  ' 
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and  at  the  margin  of  the  os  uteri  this  passes  into  a  stratified  epithelium 
which  overlies  vascular  papillae  of  the  corium.    The  mucous  membrane 

is  very  vascular,  and  it  also  contains  a  large 
number  of  lymph-vessels. 

In  many  animals  the  uterus  is  composed  of 
two  long  tubes  (cornua  uteri) :  the  arrangement 
of  the  muscular  tissue  in  these  is  simpler  than 
in  the  human  uterus,  which  has  been  formed 
by  the  fusion  of  two  such  tubes.  Fig,  508 
exhibits  the  structure  of  a  cornu  of  the  uterus 
of  the  rabbit. 

At  each  menstrual  period  the  mucous 
membrane  of  the  uterus  undergoes  a  partial 
process  of  disintegration  accompanied  by  an 
escape  of  blood  from  the  capillaries  of  the 
membrane  (fig.  507).  This  is  succeeded  by 
a  rapid  renewal  of  the  disintegrated  part. 
Should  pregnancy  supervene,  the  process  of 
renewal  results  in  the  formation  over  certain 
parts  of  a  greatly  thickened  mucous  mem- 
brane, with  long  convoluted  glands,  which  is 
then  known  as  the  decidua.  The  muscular 
layer  also  becomes  enormously  hypertrophied, 
this  hypertrophy  being  produced  by  the 
enlargement  of  the  individual  muscle  cells 
(fig.  509). 

Structure  of  the  placenta. — When  the 
developing  ovum  reaches  the  uterus  it  becomes 
imbedded  in  the  thickened  mucous  membrane 
(decidua),  and  processes  (fcetal  villi),  formed  at 
first  entirely  of  epithelial  cells,  partly  distinct, 
partly  conjoined  into  a  syncytium,  grow  out 
into  the  decidua  from  the  chorion  which  forms 
the  external  covering  of  the  ovum  (fig.  510). 
Later  vascular  mesoderm  from  the  chorion  penetrates  everywhere 
into  the  villi  bringing  blood  from  the  umbilical  vessels.  In  the 
meantime  large  blood  sinuses  become  formed  in  the  decidua,  and 
into  these  the  maternal  blood  is  poured  by  small  spiral  arteries, 
and  is  taken  away  by  corresponding  veins.  The  foetal  villi  are 
therefore  bathed  in  maternal  arterial  blood  within  the  sinuses  of  the 
decidua  (fig.  511),  into  which  for  the  most  part  they  hang  free, 
although  some  are  attached  to  the^  wall  of  the  decidua  and  others 


Fig.  509.  —  Muscular 

FIBRES  (a)  FROM  NON- 
PREGNANT, (6)  PROM  PREG- 
NANT UTERUS,  DRAWN  TO 
THE   SAME  SCALE.  (Sell- 

heim.) 


Fig.  510. — Diagbam  to  illustrate  the  imbedding  of  the  ovum  in  the 
deoidua  and  the  fiest  formation  op  .the  fcbtal  villi  in  the  form  of 
a  syncytial  trophoblast  (derived  from  the  outer  later  of  the 

ovum)   which   is  INVADING  SINUS-LIKE  BLOOD-SPACES  IN  THE  DEOIDUA. 

(T.  H.  Bryce.) 


f-v,  m  f.v. 


Fig.  511. — Diagram  of  a  further  stage  in  the  formation  of  the  placenta, 
showing  the  fcetal  villi  within  the  blood-spaces  of  the  placenta 

AND  PARTLY  ATTACHED  TO  THE  DECIDUAL  WALL.  (T.  H.  Bryoe.) 
The  villi  are  now  occupied  by  a  core  of  vascular  mesoderm.  They  are  covered  by  a 
syncytium  (continued  over  the  decidua),  within  wliich  is  a  layer  of  epithelium  colls. 
f.v.,  fcetal  vessels;  m.v.,  maternal  vessels;  to,  mesoderm  of  chorion;  a,  a  villus  cut 
across  ;  b,  attachment  of  a  villus ;  sy,  syncytial  covering  to  villi  continued  at  sy'  on  to 
decidua ;  ep,  opithelial  layer  under  syncytium. 
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Fig.  512. — Section  of  a  placenta  at  full  time.    (T.  H.  Brjce.)   From  a 

preparation  by  J.  H.  Teacher. 
One  or  two  of  the  villi  show  fibrinous  degeneration.  For  the  sake  of  distinction  the  foetal 
blood-coi-puscles  are  rej^resented  as  solid  dots,  the  maternal  as  circles. 


Fig.  513. — Section  of  a  villus  from  a  placenta  at  the  seventh  month. 

(T.  H.  Bryce.) 
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to  fibrous  septa  which  extend  from  this  wall  to  the  chorion,  and 
partly  subdivide  the  placenta  into  loculi. 

A  section  across  the  placenta  at  full  time  shows  it  to  be  bounded  on 
the  foetal  side  by  the  chorion,  covered  by  the  smooth  amnion,  and  on 
the  maternal  side  by  the  thin  and  somewhat  uneven  detached  part  of 
the  decidua — a  separation  having  occurred  in  the  substance  of  the 
decidua  when  the  placenta  becomes  detached  from  the  uterus.  Between 
these  two  boundaries  is  a  spongy  mass  which  in  sections  examined 
under  the  microscope  (fig.  512)  appears  to  be  formed  of  a  more  or  less 
continuous  blood  space  in  which  an  enormous  number  of  foetal  villi 
are  cut  in  various  directions. 

Each  villus  (fig.  513)  is  formed  of  a  jelly-like  connective  tissue 
covered  by  a  layer  of  epithelial  cells,  which  appear  to  be  united  with 
one  another  to  form  a  syncytium.  Within  the  larger  villi  arterioles, 
and  venules  are  seen  (in  some  capillaries  also),  within  the  smaller 
only  capillaries.  Some  of  the  villi  at  times  appear  to  be  undergoing 
fibrinous  degeneration  (fig.  512,  f). 
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LESSONS  XXXIX.  AND  XL. 

STRUCTURE  OF  THE  SPINAL  CORD. 

1.  Sections  of  the  spinal  cord  from  the  cervical,  dorsal,  and  lumbar  regions. 
If  the  human  spinal  cord  cannot  be  obtained  sufficiently  fre.sh,  that  of  a 
dog,  cat,  or  monkey  may  be  used.  It  is  to  be  hardened  by  suspending  it 
immediately  after  removal  from  the  body  in  a  tall  jar  of  formol  (10  per  cent, 
solution).  After  a  few  days  it  may  be  transferred  to  alcohol.  Sections  are 
to  be  made  either  by  the  paraffin  or  celloidin  method  :  the  former  is  prefer- 
able for  small  cords.  The  sections  may  be  stained  by  Nissl's  method,  which 
brings  to  view  the  nerve-cells  and  also  stains  the  axis-cylinders  of  the  nerve- 
fibres.  If  it  is  desired  to  stain  by  the  Weigert-Pal  method,  which  colours 
the  meduUai-y  sheaths  of  the  nerve-fibres,  the  pieces  of  cord  should  be  placed 
in  2  per  cent,  bichromate  of  potassium  solution  or  MuUer's  fluid  (either  at 
once  or  after  formol)  and  should  be  left  for  about  a  month,  after  which  they 
are  cut  by  a  freezing  microtome.  (For  the  details  of  these  methods  see 
Appendix.)  Carminate  of  ammonia  or  thionin  may  also  be  employed  to 
stain  the  nerve-cells  and  axis-cylinders. 

Notice  the  relative  extent  of  the  grey  as  compared  with  the  white  matter 
in  the  difi'erent  regions  of  the  coi'd. 

Sketch  a  section  from  each  region  under  a  low  power.  Sketch  also  a 
small  portion  of  the  white  substance,  two  or  three  nerve-cells,  and  the  central 
canal  with  its  lining  epithelium  and  surrounding  neuroglia  under  the  high 
power. 

Measure  the  diameter  of  some  of  the  nerve-fibres  in  the  anterior  columns, 
in  the  lateral  columns,  and  in  the  posterior  columns. 

2.  Tracts  in  the  spinal  cord.  The  conducting  tracts  of  the  spinal  cord  may 
be  studied  in  two  ways,  viz.:  (1)  by  preparing  sections  of  embryonic  cords 
(from  the  5th  to  the  9th  month),  the  sections  being  stained  by  the  Weigert- 
Pal  process  (Flechsig's  method) ;  (2)  by  preparing  sections  from  the  cord  of 
an  animal  in  which  either  a  complete  section  or  a  hemi-section  has  been 
performed  about  15  days  before  the  animal  is  killed,  and  staining  thin  pieces 
of  the  cord  from  below  and  from  above  the  section  by  placing  them  in  a 
solution  consistin-g  of  two  parts  of  Miiller's  fluid  and  1  part  of  1  per  cent, 
osmic  acid  (Marchi's  method,  see  Appendix).  The  cord  must  first  be  partly 
hardened  by  placing  it  for  a  few  days  in  Miiller's  fiuid. 


The  spinal  cord  is  composed  of  grey  matter  in  the  centre  and  of 
white  matter  externally.  It  is  closely  invested  by  a  layer  of  connective 
tissue  containing  numerous  blood-vessels  {pia  mater),  and  less  closely 
by  two  other  membranes  (fig.  514).  One  of  these  is  an  areolar  mem- 
brane, resembling  a  serous  membrane  in  general  structure,  but  non- 
vascular and  more  delicate  in  texture  {arachnoid).  The  other,  which 
lines  the  vertebral  canal,  is  a  strong  fibrous  membrane  known  as  the 
dura  mater.    At  the  middle  of  the  anterior  and  posterior  (ventral  and 
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dorsal)  surfaces  the  pia  mater  dips  into  the  substance  of  the  cord  in  the 
anterio7-  and  posterior  median  fissures,  so  as  to  divide  it  almost  completely 
into  two  lateral  halves.  These  are,  however,  united  by  an  isthmus  or 
bridge,  which  is  composed  anteriorly  of  transversely  crossing  white 
fibres  {white  w  anterim-  commissure),  posteriorly  of  grey  matter  (grey 
commismre),  in  the  middle  of  which  is  a  minute  canal  lined  by  ciliated 
epithelium  {central  canal). 

Each  lateral  half  of  the  spinal  cord  contains  a  crescent  of  grey 
matter,  which  is  joined  to  the  corresponding  crescent  of  the  opposite 
side  by  the  grey  commissure.  Of  the  two  horns  of  the  crescent  the 
posterior  or  dorsal  is  the  narrower  and  comes  near  the  surface  of  the 
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Fig.  514. — Section  op  the 
spinal  coed  within  its 
MEMBRANES.  (Ke}'  and 
Ketzius. ) 

a,  dura  mater ;  b,  arachnoid ; 
c,  septum  of  arachnoid ;  d,  e, 
trabeoiilae  of  arachnoid ;  g, 
ligamentum  denticulatum ; 
f,  bundles  of  posterior  root ;. 
h,  bundles  of  anterior  root ; 
k,  I,  subarachnoid  space. 


cord ;  close  to  it  the  bundles  of  the  posterior  nerve-roots  enter  the 
cord.  The  bundles  of  the  anterior  nerve-roots  emerge  from  the 
anterior  horn. 

According  to  Ingbert  about  1,300,000  nerve-fibres  enter  the  cord  by  the 
posterior  roots,  and  about  one-third  that  number  leave  it  by  the  anterior 
roots. 

The  posterior  root  fibres  are  derived  from  the  cells  of  the  spinal  ganglia, 
which  lie  outside  the  cord  ;  the  anterior  root-fibres  from  cells  within  the 
grey  matter,  chiefly  from  cells  in  the  anterior  horn,  but  also  from  some  cells 
in  the  middle  and  posterior  parts  of  the  grey  matter  and  (especially  in  the 
thoracic  region)  from  cells  in  the  intermedio -lateral  tract  (lateral  horn).  The 
latter  probably  furnish  the  autonomic  (sympathetic)  fibres  of  the  anterior 
roots,  while  the  cells  of  the  anterior  horn  furnish  the  fibres  which  are 
distributed  to  the  voluntary  muscles. 

The  white  matter  of  each  half  of  the  cord  is  subdivided  by  the 
approach  of  the  posterior  horn  to  the  surface  into  two  unequal 
columns — antero-luteral  and  posterior.  A  distinction  is  sometimes 
drawn  between  anterior  and  lateral  portions  of  the  antero-lateral 
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postero-latoral  fissure 
postoro-mesial  column 


postoro-modian  fissure   ^^-^ -  .  ■ 

posterior  root-liundle  ^S^lffr- 


posterior  column 


subst.  gelat  of 
post,  horn 

tractofFleohsi 

lat.  pyram.  tr. 

form,  retic. — f 

lateral  horn 

central  canal  - 
ant.  commissure 

anterior  horn 
ant.  median  fissure  • 


Fig.  515.— Section  of  hdman  spinal  cord  from  upper  cervical  region. 
(Photograph.)    Magnified  about  8  diameters. 


Fig.  .516.— a  small  portion  op  a  transverse  section  op  the  human  spinal 
coru  in  the  region  of  the  lateral  column,  to  show  the  superficial 
neuroglia. 

a,  a,  superficial  neuroglia ;  b,  h,  transverse  section  of  ]inrt  of  the  lateral  column  of  the 
cord,  in  which  the  dark  points  are  the  axis-cylinders,  and  the  clear  areas  the 
medullary  substance  of  the  nerve-filires.  Tlie  sujierfieial  neuroglia  is  seen  to  exhibit 
the  appearance  of  a  fine  feltwork  in  which  ninnorous  nuclei  and  one  or  two  corpora 
amylacca,  c.a.,  are  imbedded,  and  to  extend  inwards  (c,  c)  among  the  nerve-fibres. 


THE  SPINAL  COED. 


411 


column,  although  there  is  no  line  of  demarcation  between  them. 
In  the  upper  part  of  the  cord  the  posterior  column  is  subdivided 
by  a  septum  of  connective  tissue  into  two— the  postero-mesial  column  or 
funiculus  gracilis,  and  the  postero-lateral  column  or  funiculus  cuneatus. 

The  white  matter  is  composed  of  longitudinally  coursing  medullated 
nerve-fibres,  which  in  sections  stained  with  carmine  or  thionin  appear 
as  clear  circular  areas  with  a  stained  dot,  the  axis-cylinder,  near  the 
middle  (fig.  516);  while  in  sections  stained  by  the  Weigert-Pal  method 
they  appear  as  black  circles  with  a  clear  centre.  The  nerve-fibres 
vary  in  size  in  diff'erent  parts ;  on  the  whole  those  which  are  nearest  to 
the  surface  of  the  cord  are  larger  than  those  nearest  to  the  grey 
matter,  but  there  is  a  bundle  of  very  small  fibres  (at  M,  fig.  517) 
opposite  the  tip  of  the  posterior  horn. 

The  medullated  fibres  are  supported  by  neuroglia,  which  is  com- 
posed of  fibres  and  neuroglia-cells  (figs.  228,  229).  The  neuroglia  is 
accumulated  in  greater  amount  at  the  surface  of  the  cord,  underneath 
the  pia  mater  (particularly,  in  the  human  cord,  near  the  entrance  of  the 
posterior  roots  (fig.  516)),  and  it  extends  into  the  grey  matter,  in  which 
it  is  especially  abundant  in  the  substantia  gelatmosa  at  the  apex  (caput) 
of  the  posterior  horn  and  around  the  central  canal. 

The  grey  matter,  besides  neuroglia,  contains  an  interlacement  of 
nerve-fibres  and  the  arborisations  of  the  dendrons  of  the  nerve-cells 
which  are  embedded  in  it. 

Characters  of  the  spinal  cord  in  the  several  regions  (figs.  517,  522). 
— In  the  cervical  region  the  white  matter,  especially  that  of  the  lateral 
columns,  occurs  in  largest  proportion.  The  grey  matter  in  the  cervical 
enlargement  is  also  in  considerable  amount,  and  it  encroaches,  especi- 
ally in  the  upper  part  of  the  region,  in  the  form  of  a  network  (formatio 
reticularis)  upon  the  adjacent  part  of  the  lateral  white  column  (fig.  515). 
The  anterior  horns  are  thick  and  the  posterior  slender.  The  postero- 
mesial  column  is  distinctly  marked  off". 

In  the  dorsal  region  the  grey  matter  is  small  in  amount,  and  both 
horns  are  slender.  The  whole  cord  is  smaller  in  diameter  than  either 
in  the  cervical  or  lumbar  region.  The  columns  of  nerve-cells  known  as 
Clarke's  column  and  the  intermedio-lateral  column  are  well  marked. 

In  the  lumbar  region  the  crescents  of  grey  matter  are  very  thick, 
and  the  white  substance,  especially  the  lateral  columns,  relatively 
small  in  amount.  The  isthmus  lies  nearly  in  the  centre  of  the 
cord,  whereas  in  the  cervical  and  dorsal  regions  it  is  nearer  the 
anterior  surface. 

In  the  part  of  the  spinal  cord  from  which  the  sacral  and  coccygeal 
nerve-roots   take   origin    grey   matter   largely   preponderates,  the 
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Fig.  517.— Sections  of  human 
spinal  coed  from  the  lower 
cervical  (a),  miu-dorsal  (b), 
and  mid-lumbar  (c)  regions, 
showing  the  principal  groups 
of  nerve-cells,  and  on  the 
right  side  of  each  section 
the  conducting  tracts  as  they 
occur  in  the  several  regions. 

a,  b,  c,  groups  of  cells  of  the  anterior 
horn ;  d,  cells  of  the  lateral  hom ; 
e,  niiddle  group  of  cells  ;  /,  cells  of 
Clarke's  column  ;  g,  cells  of  posterior 
horn  ;  c,  c,  central  canal ;  ax.  anterior 
commissure  ;  M,  marginal  bundle  of 
Lissauer ;  p.m',  septomarginal  tract. 
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crescents  form  thick  irregular  masses,  and  the  grey  isthmus  is  also  of 
considerable  thickness. 

TRACTS  OF  NERVE-FIBRES  IN  THE  WHITE  COLUMNS. 

The  course  of  the  nerve-tracts  in  the  spinal  cord,  and  in  other  parts  of 
the  central  nervous  system,  can  be  made  out  by  the  method  of  Flechsig, 
which  involves  the  study  of  sections  of  the  developing  cord;  for 
it  is  found  that  the  formation  of  medullary  substance  occurs  sooner 
in  some  tracts  than  in  others,  so  that  it  is  easy  to  make  out  the 
distinction  between  them.  Thus,  the  peripheral  nerves  and  nerve- 
roots  become  myelinated  in  the  first  half  of  the  fifth  month  of  foetal 
life.  Of  the  tracts  of  the  spinal  cord,  those  of  Burdach  and  GroU  (see 
below)  are  the  first  to  be  myelinated,  then  the  tracts  of  Flechsig  and 
Gowers,  all  of  these  being  sensory  or  centripetally  conducting,  while 
the  pyramid-tracts,  which  are  motor  or,  centrifugally  conducting,  do 
not  receive  their  myelin  sheath  until  after  birth.^ 

Another  method  (that  of  A.  Waller)  consists  of  investigating  the 
course  which  is  pursued  by  degeneration  of  the  nerve-fibres  in 
consequence  of  lesions  produced  accidentally  or  purposely.  Those 
tracts  in  which  degeneration  of  fibres  occurs  below  the  lesion  are 
termed  "  descending  "  tracts ;  those  in  which  it  occurs  above  the  lesion 
are  termed  "  ascending."  This  method,  when  combined  with  the- 
staining  process  devised  by  Marchi,  is  by  far  the  more  valuable,  since  it 
enables  even  single  fibres  to  be  traced  out. 

The  cells  whence  the  fibres  of  any  tract  arise  can  be  identified  after  a 
lesion  of  the  tract  by  the  chromatolysis  or  degeneration  of  Nissl  which 
nerve-cells  undergo  after  section  of  their  axons  (see  pp.  177,  178). 

Tracts  of  the  posterior  column. — 1.  Tract  of  Goll. — The  fibres  of  the 
postero-mesial  column  belong  to  a  tract  which  is  known  as  the  tract  of 
Goll  (fig.  618,  6).  This  consists  of  fibres  derived  from  the  posterior 
nerve-roots  of  the  sacral,  lumbar,  and  lower  dorsal  nerves,  which, 
after  having  entered  the  postero-lateral  columns,  pass,  as  they  ascend, 
AA  towards  the  posterior  median  fissure  and  form  a  distinct  tract,  which  is 
marked  off  from  the  rest  of  the  posterior  column  in  the  cervical  region 
by  a  slight  furrow  and  a  septum  of  pia  mater  (fig.  515).  This  tract 
ends  amongst  the  cells  of  the  nucleus  gracilis  of  the  medulla  oblongata. 

2.  Tract  of  Burdach. — The  postero-lateral  column  (tract  of  Burdach)  is 
also  composed  of  fibres  of  the  posterior  nerve-roots,  which  all  run  for 

1  Flechsig  finds  that  the  fibres  of  the  posterior  roots  are  myelinated  in  at  least 
three  stages,  and  that  the  postero-lateral  tract  shows  a  corresponding  dififerentia- 
tiou  into  three  chief  parts  :  the  ventral,  middle  ftnd  dorsal  root-zones.  He  suggests 
that  this  difierentiation  corresponds  with  functional  differences  of  the  fibres. 
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a  certain  distance  in  it  before  entering  the  grey  matter  of  the  cord 
or  of  the  medulla  oblongata.  As  each  mass  of  posterior  root-bundles 
enters  the  column  close  to  the  apex  of  the  posterior  horn  it,  so  to 
speak,  pushes  the  root-fibres  which  have  already  entered  nearer  to 
the  median  fissure;  hence  those  which  are  derived  from  the  lowest 
nerve-roots  are  nearest  that  fissure  (in  the  tract  of  Goll),  while  those 
which  are  derived  from  the  highest  remain  near  the  posterior  horn 
(in  the  tract  of  Burdach).  Many  of  the  fibres  of  both  tracts  pass 
into  the  grey  matter  either  immediately  on  entering  the  cord  or 
in  their  course  upwards;  the  rest  are  continued  into  the  medulla 
oblongata,  and  those  of  the  tract  of  Burdach  end  by  arborising  amongst 
the  cells  of  the  nucleus  cuneatus. 


Fig.  518. — Diagram  showing  the  ascending  (eight  side)  and  descending 
(left  side)  tracts  in  the  spinal  cord. 

1,  Crossed  pyramid -tract ;  2,  direct  pyi-amid-tract ;  3,  antoro-latei-al  descending ;  3a,  bundle 
of  Holwog  ;  4,  prepyi-amidal ;  5,  comma  ;  15,  postero-mesial ;  7,  postero -lateral ;  8,  tract 
of  Lissauer ;  0,  dorsal  cerebellar  ;  10,  antero-lateral  ascending  or  ventral  cerebellar ; 
s-m,  septo-marginal ;  s.p.l.,  superficial  postero -lateral  fibres  (dorsal  root  zone  of 
Flcohsig) ;  a  to  oS,  groups  of  cells  in  the  anterior  horn  ;  i,  intermedio-lateral  gi'oup  or 
cell-column  in  the  lateral  part  of  the  grey  matter  ;  p,  cells  of  posterior  horn  ;  rf,  dorsal 
nucleus  of  Stilling  or  cell-column  of  Clarke.  The  scattered  dots  indicate  the  situation 
of  "endogenous"  fibres  (arising  in  grey  matter  of  cord)  having  for  the  most  part  a 
short  course. 


3.  Comma  tract — Besides  the  tracts  of  Burdach  and  Goll,  which  are 
wholly  composed  of  long  "  ascending  "  fibres  having  their  cells  of  origin 
in  the  ganglia  on  the  posterior  roots,  there  are  a  few  fibres  which  have 
a  shorter  "descending"  course  in  the  posterior  column.  These  are 
believed  by  some  authorities  to  arise  from  descending  branches  of  the 
posterior  root-fibres,  by  others  to  arise  from  cells  in  the  grey  matter 
of  the  cord.    They  form  the  so-called  comma  tract  (fig.  51S,  5). 

Proprio-spinal  or  endogenous  fibres  of  the  posterior  column. — 
These  are  a  few  fibres  {septo-gnarginal),  chiefly  accumulated  near  the 
median  fissure  {oval  bundle)  and  near  the  posterior  surface  {median 


Fig.  519.— Diagram  showing  the  couese,  origin,  and  termination  of  the 

FIBRES  of  the  PRINCIPAL  TRACTS  OF  THE  WHITE  MATTER  OF  THE  SPINAL 

CORD.    (The  numbers  in  this  diagram  refer  to  fibres  of  the  tracts  shown 

with  corresponding  numbers  in  fig.  518.) 
"Descending"  tracts: — la,  a  fibre  of  the  crossed  pyramid-tract;  lb,  an  uncro.S8ed  fibre 
of  the  pyramid-tract  passing  to  the  lateral  column  of  the  same  side  ;  2,  a  fibre  of  the 
direct  pyramid-tract ;  3,  a  fibre  of  the  antero-lateral  descending  tract ;  i,  a  fibre  of 
the  prcpyramidal  tract ;  5,  fibres  of  the  comma  |i'act.  "Ascending"  tracts : — 6,  a  fibre 
of  the  postero-mesial  tract ;  7,  fibres  of  the  pofrtoro-lateral  tract ;  9,  one  Ijolonging  to 
the  dorsal  cerebellar ;  10,  a  fibre  of  the  ascending  antero-lateral  or  ventral  cerebellar 
tract.  Also,  in,  motor  nerves  ;  a,  sensory  (afFcront)  nerves  ;  n.grac,  nucleus  gracilis  ; 
n.cun.,  nucleus  cunoatus ;  nucl.  pontis,  nucleus  of  jjons.  The  arrows  indicate  the 
direction  of  the  nerve-impulses. 
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triangle  bundle),  but  also  scattered  in  other  parts  of  the  column, 
which  are  derived  from  cells  in  the  grey  matter  of  the  cord  itself 
All  of  the  above  take  a  "descending"  course  in  the  posterior  column. 
Others  which  arise  in  the  grey  matter  and  have  an  "ascending" 
course  are  especially  numerous  in  the  ventral  part  of  the  column. 
J     Descending  tracts  of  the  antero-lateral  column. — 1.  Pyramid-trad  or 
corticospinal  trad.— At  the  posterior  part  of  the  lateral  column  there 
is  a  tract  of  moderately  large  "  descending  "  fibres  (intermingled  with 
,      smaller  fibres)  which  are  found  to  run  in  the  lateral  column  of  the 
(tV|^  .spinal  cord  from  the  opposite  side  of  the  brain,  after  having  for  the 
*\        most  part  crossed  at  the  decussation  of  the  pyramids  of  the  medulla 
oblongata  {crossed  lateral  pyramid-trad,  fig.  518,  1 ;   fig.  519,  la). 
Intermingled~~with  the  fibres  of  the  crossed  pyramid-tract  in  the 
lateral  column  are  a  few  fibres  of  the  pyramid  which  have  not  crossed 
in  the  medulla  oblongata,  and  which  are  therefore  derived  from  the 
cerebral  cortex  of  the  same  side  {uncrossed  lateral  pyramid  fibres, 
fig.  519,  lb).    The  large  fibres  which  lie  in  the  anterior  columns  next 
to  the  anterior  median  fissure,  which  are  especially  numerous  in  the 
(^/^JiM  upper  part  of  the  human  cord,  also  belong  to  a  portion  of  the  same 
j^y^  '  tract   which   has   not    undergone   decussation   {dived  pyramid-trad, 
figs.  518,  519,  2).    The  direct  pyramid-tract  is  only  found  in  man 
and  the  anthropoid  apes ;   in  some  individuals  it  is  absent,  and  it 
varies  considerably  in  extent. 

The  pyramid-tracts  are  composed  of  "descending"  fibres,  which 
have  their  cells  of  origin  in  the  cerebral  cortex  (precentral  and 
paracentral  gyri)  and  end  by  arborisations  in  the  grey  matter 
at  the  base  of  the  posterior  cornua  of  the  spinal  cord.  In  some 
mammals  (rat,  mouse,  guinea-pig,  sheep,  kangaroo,  squirrel,  etc.),  the 
pyramid-tracts  are  situated  in  the  posterior  columns  of  the  cord,  in 
others,  including  the  monkey,  dog,  cat,  and  rabbit,  they  run  wholly 
in  the  lateral  columns.  The  pyramid-tracts  are  very  small  in  the 
lower  mammals,  and  are  not  found  at  all  in  vertebrates  below 
mammals. 

It  has  been  calculated  that  there  are  about  80,000  fibres  of  the 
pyramid-tract  in  each  half  of  the  human  cord.  The  pyramid-tracts 
are  generally  regarded  as  the  paths  along  which  volitional  impulses  are 
conveyed  from  the  cerebral  cortex  to  the  spinal  cord.  But  experiments 
have  shown  that  they  are  not  the  only  cortico-spinal  paths  nor  even 
the  most  important  in  many  animals,  for  the  paralysis  which  results 
from  their  section  is  soon  recovered  from  in  most  animals,  whereas 
that  resulting  from  section  of  the  anterior  column  and  adjacent  part  of 
the  lateral  column  may  be  more  marked  and  permanent.    In  man  it 
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appears  to  be  the  finer  and  more  delicate  movements  whicli  are 
permanently  lost  when  the  pyramid-tract  is  affected  by  disease. 

2.  Trad   of  Loeiventhal.  —  Besides    the   pyramid-tracts    there  are 

I  four  other  "descending"  tracts  of  fibres  in  the  antero-lateral  column. 
One  of  these  (the  antero-lateral  descending  tract  or  tract  of  Loewenthal, 
figs.  518,  519,  3)  lies  on  the  side  of  the  anterior  median  fissure,  and 
extends  along  the  margin  of  the  cord  in  the  "root"  zone,  even 
reaching  the  anterior  part  of  the  lateral  column.  These  fibres  are 
continued  down,  chiefly  from  the  interior  or  dorsal  longitudinal  bundle 
(hulho-spinal  and  ponto-spinal  fibres)  of  the  medulla  oblongata  and  pons, 
partly  from  other  sources  which  will  be  afterwards  referred  to.  They 
end  by  arborisations  in  the  anterior  horn.  Similar  arborisations  pass 
from  the  posterior  longitudinal  bundle  to  the  nuclei  of  the  motor 

I /cranial  nerves.    This  tract  is  mainly  uncrossed. 

jj  3.  Rubrospinal  tract. — Another  "descending"  tract  in  the  antero- 
^  lateral  column  lies  just  in  front  of  the  crossed  pyramid-tract  ;  this 
is  the  prepyramidal  or  rubrospinal  tract  (figs.  518,  519,  4)-  Its  fibres 
end  by  arborising  in  the  grey  matter  of  the  middle  of  the  crescent ; 
the  situation  of  its  cells  of  origin  is  the  red  nucleus  of  the  tegmentum 
in  the  mid-brain.  This  tract  is  also  known  as  Monakoiv's  tract. 
Some  of  its  fibres  are  stated  to  be  derived  from  cells  in  the  reticular 
formation  of  the  pons  and  medulla  oblongata. 
J  4.  Tectospinal  fibres. — Intermingled  with  the  fibres  of  the  rubro- 
spinal  tract  (but  far  fewer  in  number  in  man)  are  fibres  derived 
from  the  quadrigeminal  bodies  of  the  opposite  side.  These  fibres 
form  a  part  of  the  tectospinal  tract.  Another  part  of  this  tract  {ventral 
longitudinal  bundle)  passes  into  the  anterior  column  of  the  cord  in  the 
tract  of  Loewenthal  above  mentioned. 

5.  Olivospinal  tract. — Lastly,  a  small  triangular  group  of  "descend- 
ing" fibres  traceable  from  the  neighbourhood  of  the  olive  in  the 
medulla  oblongata,  and  passing  down  the  cervical  cord  in  the  anterior 
part  of  the  lateral  column  (fig.  518,  3a),  (the  exact  origin  and  destina- 
tion of  the  fibres  is  unknown)  is  termed  the  bundle  of  Helweg  or  olivo- 
spinal tract. 

Ascending  tracts  of  the  antero-lateral  column.— 1.  Tract  of 
^jl^/ec/isi^. —This  is  a  well-marked  tract,  which  is  however  only  distinct 
in  the  cervical  and  dorsal  regions,  where  it  lies  external  to  the 
crossed  pyramid-tract.  It  consists  of  large  fibres  which  are  derived 
from  the  cells  of  Clarke's  column  (fig.  518,  d)  and  which  pass  up  into 
the  cerebellar  vermis  by  way  of  the  inferior  peduncle  of  the  same  side 
{dorsal  spino-cerebellar  bundle  or  direct  cerebellar  tract  of  Flechsig,  fig.  517  ; 
figs.  518,  519,  9;  520,  b,  V). 
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Fig.  520.— Diagram  showing  the  course  of  the  tracts  of  flkchsig  and 
of  gowers  in  the  spinal  cord  anil  their  continuations  to  the  cere- 
bellum, corpora  quadrigemina,  thalamus  and  cortex  cerebri. 

a,  posterior  root-fibros ;  b,  tract  of  Flechsig,  jjassing  at  b',  by  tlio  restiform  body  to  the 
cerebellar  vermis ;  c,  tract  of  Gowers ;  d,  passage  of  most  of  its  fibres  along  the 
superior  peduncle  to  the  cerebellum  ;  e,  fibres  to  the  corpora  quadrigemina,  c' ;  /, 
otliers  to  the  thalamus  ;  p,  fibres  from  thalamus  to  cerebral  cortex. 
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2.  Tract  of  Gowers.—Thi^  is  situated  more  anteriorly,  lying  in 
front  of  the  crossed  pyramid  and  direct  cerebellar  tracts  in  the 
lumbar  region;  while  in  the  dorsal  and  cervical  regions  it  forms  a 
narrow  band  of  fibres  curving  round  close  to  the  external  surface 
of  the  cord,  and  extending  even  into  the  anterior  column.  It  was 
^'^  termed  the  antero-lateral  ascending  tract  hy  Gowers  (figs.  518,  519,  10). 
Its  fibres  are  partly  intermingled  with  those  of  the  antero-lateral 
descending  tract.  Most  of  the  fibres  of  the  tract  of  Gowers  are 
connected  with  the  vermis  of  the  cerebellum,  constituting  the  ventral 
spino-cerebellar  bundle,  which  passes  to  that  organ  over  and  parallel 
with  the  superior  cerebellar  peduncle  (fig.  520),  Both  in  the  cord 
and  medulla  oblongata  it  gives  off  fibres  to  join  the  tract  of  Flechsig 
and  to  pass  to  the  cerebellum  by  the  inferior  peduncle.  According  to 
Van  Gehuchten,  confirmed  by  Collier  and  Buzzard,  the  tract  of  Gowers 
gives  ofi"  a  few  fibres  to  enter  the  opposite  cerebellar  hemisphere  by 
the  middle  peduncle. 

Some  of  the  fibres  of  the  antero-lateral  ascending  tract  (spino-tectal 
fibres)  are  continued  up  to  the  corpora  quadrigemina.  Others  pass 
into  the  tegmentum  of  the  crus  cerebri,  where  they  can  be  traced  as 
far  as  the  lower  part  of  the  thalamus  (spino-thalamic  fibres). 

The  fibres  of  Gowers'  tract  appear  to  take  origin  from  the  cells  of 
Clarke's  column,  especially  from  its  lower  part.  This  at  least  is  the 
case  with  the  cerebellar  fibres.  But  the  quadrigeminal  and  thalamic 
fibres  are  believed  to  arise  from  cells  situated  in  the  middle  and 
posterior  parts  of  the  grey  crescent,  partly  on  the  same  but  chiefly  on 
the  opposite  side  of  the  cord. 

^3.  Tract  of  Lissauer. — Lastly,  there  is  another  small  tract  of  fibres 
fV^vhich  undergoes  degeneration  above  the  point  of  section.  This  is 
the  marginal  bundle  of  Lissauer  (marked  M  in  fig.  517).  It  is  formed 
by  fine  fibres  from  the  posterior  roots. 

Other  portions  of  the  antero-lateral  columns  near  the  grey  matter 
which  are  difi"erentiated  by  the  method  of  Flechsig  are  probably  short 
tracts  uniting  adjacent  portions  of  the  grey  matter  of  the  cord. 

Proprio-spinal  or  endogenous  fibres  of  the  antero-lateral  column. 
— Sherrington  has  shown  that  in  the  dog  the  lateral  column  in  the 
dorsal  region  of  the  cord  contains  a  certain  number  of  long  fibres 
which  take  origin  in  the  cervical,  dorsal  and  upper  lumbar  segments 
and  are  traceable  down  to  the  lumbo-sacral  enlargement.  These 
must  serve  to  convey  excito-reflex  impulses  from  the  upper  to  the 
lower  parts  of  the  body.  Probably  similar  fibres  arise  all  along  the 
cord  from  the  cells  of  the  lateral  column  and  pass  upwards  as  well 
as  downwards. 
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A  tract  of  endogenous  fibres  has  been  observed  in  man  close  to  the 
anterior  median  fissure  lying  amongst  the  fibres  of  the  direct  pyramid- 
tract.    This  is  known  as  the  anterior  sulco-marginal  tract  of  Marie. 

The  antero-lateral  column  contains  also  many  endogenous  fibres, 
both  ascending  and  descending,  derived  from  cells  in  the  grey  matter 
of  the  cord,  which  have  only  a  short  course,  serving  to  connect 
adjacent  segments. 

GREY  MATTER  OF  CORD. 

The  nerve-cells  which  are  scattered  through  the  grey  matter  are 
in  part  disposed  in  definite  groups.  Thus  there  are  several  groups 
of  large  multipolar  nerve-cells  in  the  anterior  horn  in  the  cervical  and 
lumbar  enlargements  (fig.  517),  although  in  other  regions  of  the  cord 
the  number  of  groups  in  this  situation  is  reduced  to  two,  a  mesial 
and  a  lateral.  The  larger  groups  in  the  enlargements  correspond  with 
segments  of  the  limb  (Van  Gehuchten) ;  thus  there  appear  to  be 
groups  associated  with  foot,  leg,  and  thigh,  and  with  hand,  arm,  and 
shoulder  movements  respectively.  The  groups  from  which  the  motor 
nerves  to  the  shoulder  and  arm  muscles  arise  appear  in  somewhat 
higher  segments  of  the  cervical  cord  than  those  belonging  to  the  hand 
muscles.  The  same  holds  good,  mutatis  mutandis,  for  the  lumbar  cord 
in  relation  to  the  leg  and  foot.  Further,  the  larger  groups  show 
subdivisions  which  may  be  related  to  particular  movements,  i.e.  to 
particular  groups  of  muscles.  In  the  case  of  the  diaphragm  there  is  a 
special  cell-group  or  cell-column  in  the  anterior  horn  of  the  cervical 
cord  from  which  the  fibres  of  the  phrenic  nerve  arise,  so  that  in  this 
case  a  cell-group  is  set  apart  for  a  special  muscle. 

The  axis-cylinder  processes  of  the  anterior  horn  cells  mostly  pass  out 
into  the  corresponding  anterior  nerve  roots  (fig.  519,  m;  jBg.  523,  _;"), 
but  a  few  send  their  axons  to  the  anterior  column  of  the  opposite  side 
through  the  white  commissure  (6g.  523,  m)  or  to  the  anterior  or  lateral 
column  of  the  same  side  (/,  n).  It  is  noteworthy  that  in  birds  a  few 
cells  of  the  anterior  horn  send  their  axons  into  the  posterior  roots.  A 
well-marked  group  of  large  rounded  nerve-cells,  best  marked  in 
the  thoracic  region,  lies  at  the  base  of  the  posterior  horn  {nucleus 
of  Stilling,  Clarke's  column,  fig.  518,  d;  fig.  523  u).  The  cells  of 
Clarke's  column  send  their  axis-cylinder  processes  into  the  dorsal 
cerebellar  tract  (Mott),  and  if  this  tract  be  cut  experimentally,  the 
large  cells  of  Clarke's  column  on  the  same  side  below  the  section 
undergo  Nissl  degeneration  and  eventually  atrophy,  but  the  degenera- 
tion does  not  affect  all  these  cells  unless  the  tract  of  Cowers  be 
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I.  III. 


Fig.  521.— Diagram  ok  sections  of  the  spinal  coed  of  the  monkey  show- 
ing THE  position  OF  DEGENERATED  TRACTS  OF  NERVE-FIEBES  AFTER 
SPECIFIC  LESIONS   OF  THE  CORD  ITSELF,   THE  EFFERENT  NERVE-ROOTS  AND 

OF  THE  MOTOR  RKGION  OF  THE  CEREBRAL  CORTEX.  (The  degenerations  are 
shown  by  the  methoil  of  Marchi.)  The  left  side  of  the  cord  is  at  the 
reader's  left  hand. 

I.  Degenerations  resulting  from  extirpation  of  the  motor  area  of  the  cortex  of  the  left 

cerebral  hemispliere. 

II.  Degenerations  produced  by  section  of  the  posterior  longitudinal  bundles  in  the  upper 
part  of  the  medulla  oblongata. 

III.  and  IV.  Result  of  section  of  posterior  roots  of  the  first,  second,  and  third  lumbar 
nerves  on  the  right  side.  Section  III.  is  from  tlie  segment  of  cord  between  the  last 
tlioracic  and  first  lumbar  roots  ;  section  IV.  from  the  same  cord  in  the  cervical  region. 

V.  to  VI 11.  Degenerations  resulting  from  (right)  semi-section  of  the  cord  in  the  upper 
thoracic  region.  V.  is  taken  a  sliort  distance  above  the  level  of  section  ;  VI.,  higher  up 
the  cord  (cervical  region) ;  VII.,  a  little  below  the  level  of  section  ;  VIII.,  lumbar  region. 
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Fig.  522. — Diagram  ok  sections  of  human  spinal  coed  at  different 

LEVELS.  (Edinger.) 

The  names  refer  to  tbe  origin  of  the  corresponding  nerve  roots.  The  relative  shape  and 
size  of  the  cord  and  grey  matter,  and  the  relative  amounts  of  grey  and  white  matter, 
and  the  principal  cell-groups  arc  shown. 
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also  severed.  There  are  a  few  small  cells  with  short  axons  in 
Clarke's  column  which  do  not  give  rise  to  fibres  of  either  of  these 
tracts. 

Another  group  is  seen  on  the  outer  side  of  the  grey  matter  lying  in 
a  projection  which  is  sometimes  known  as  the  lateral  Imn  {lateral 
cell-column,  intermedio-lateral  column,  fig.  518,  i).  This  is  most  distinct 
in  the  thoracic  region  as  far  up  as  the  second  thoracic  segment. 
The  axons  from  its  cells  for  the  most  part  leave  the  cord  along  with 
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Fig.  523.— Diagram  showing  the  probable  eelations  of  some  of  the 
CELLS  op  the  cord  TO  THE  WHITE  COLUMNS.  On  the  left  side  the  col- 
laterals from  the  fibres  of  the  white  columas  are  shown  passing  into  the 
grey  matter.  (Cajal.) 

(I,  b,  fibres  of  posterior  column  sending  collaterals  into  the  grey  matter ;  c,  d,  fibres  of 
posterior  root  entering  i^osterior  column  ;  e,  /,  collaterals  joassing  from  lateral  and 
anterior  columns  into  grey  matter ;  g,  h,  i,  fibres  of  white  commissure ;  j,  anterior 
root-fibre  springing  from  k-,  cell  of  anterior  horn  ;  I,  m,  n,  other  cells  of  grey  crescent 
sending  their  axons  into  the  white  matter  ;  o,  ax  m  of  cell  of  Clarke's  column  passing 
into  the  dorsal  cerebellar  tract ;  p,  axon  of  cell  of  substantia  gelatinosa ;  g,  fibre  of 
dorsal  cerebellar  tract ;  r,  fibre  of  posterior  root  jjassiug  to  tract  of  Lissauer ;  s,  t,  cells 
of  substantia  gelatinosa  ;  u,  cell  of  Clarke's  column. 


the  anterior  roots,  and  probably  furnish  the  outgoing  visceral  and 
vascular  fibres.  Another  group  {middle  cell-column)  lies  in  the  middle 
of  the  crescent  (fig.  517,  e).  The  cells  of  the  posterior  horn  {g)  are 
very  numerous  but  are  not  collected  into  definite  groups.  Those  of 
the  substantia  gelatinosa  of  Rolando  send  their  nerve-fibre  processes 
partly  into  the  lateral,  partly  into  the  adjacent  posterior  columns 
(fig.  523,  s,  t). 

The  cells  which  send  their  axons  into  the  adjacent  parts  of  the  white 
columns  but  not  into  any  special  tract  are  sometimes  termed  the  "  cells  of 
the  white  columns." 
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The  connection  of  nerve-roots  with  spinal  cord.— The  anterior  or 
ventral  roots  leave  the  canterior  horn  in  a  number  of  bundles.  Most  of 
their  fibres  are  directly  continued  from  the  nerve-cells  in  the  anterior 
and  lateral  horns,  and  according  to  Golgi  in  part  also  from  cells  in  the 


Fig.  524.— From  a  longitudinal  sec- 
tion OF  SPINAL  CORD,  SHOWING  THE 
ENTRANCE  OF  POSTERIOR  ROOT-FIBRES. 

(Cajal.) 

A,  A,  fibres  entering  the  postero-lateral 
column,  and  bifurcating  into  an  ascending 
and  descending  division  ;  B,  C,  collaterals 
passing  from  them  into  the  grey  matter ; 
E,  other  fibres  of  the  posterior  wliite 
columns  also  giving  off  collaterals. 


Fig.  .525.  —  Arborisation  of  col- 
laterals FROM  THE  posterior  ROOT- 
FIBRES  AROUND  CELLS  IX  THE  POS- 
TERIOR    HORN     OP     GREY  MATTER. 

(Cajal.) 

A,  fibres  of  posterior  column  derived  from 
posterior  root ;  B,  collaterals  ;  C,  D,  nerve- 
cells  in  grey  matter  surroinided  by  the 
arborisations  of  the  collaterals  ;  E,  an 
arborisation  shown  separatel}-. 


posterior  horn.  These  cells,  from  which  the  anterior  root-fibres  arise, 
are  surrounded  by  an  interlacement  of  ramified  nerve-endings,  which 
are  derived  from  various  sources,  especially  the  axons  of  cells  of  the 
posterior  horn,  from  collaterals  of  the  posterior  root-fibres  (see  below), 
and  from  those  of  the  fibres  of  the  adjacent  white  columns. 
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The  fibres  of  the  posterior  or  dorsal  roots  originate  in  the  cells  of 
the  posterior  root  ganglia  and  pass  into  the  postero-lateral  column 
(see  diagram,  fig.  519),  but  the  smallest  ^fibres  enter  the  marginal 
bundle  of  Lissauer,  and  some  pass  directly  into  the  posterior  horn 
of  grey  matter.  On  entering  the  spinal  cord  the  fibres  bifurcate 
(dg.  524),  one  branch  passing  upwards,  the  other  downwards.  Both 
from  the  main  6bre  and  from  its  branches  collateral  fibres  pass  at 
frequent  intervals  into  the  grey  matter,  and  end  in  arborisations 
of  fibrils  which  envelop  the  nerve-cells  both  of  the  posterior  (fig. 
525)  and  of  the  anterior  horn,  and  in  the  dorsal  region  the  cells  of 
Clarke's  column  and  those  of  the  intermedio-lateral  column.  Many 
of  the  main  fibres  also  ultimately  end  in  a  similar  manner  in  the 
grey  matter,  some  after  a  short  course  only,  but  others  after  a 
Ion"  course.     But  a  considerable  number  of  fibres  pass  upwards  in 


Fig.  526.— Section  of  the  central  canal  of  the  spinal  coed  of  a  child, 

SHOWING    ITS    ciliated    EPITHELIUM    AND    THE    SURROUNDING  CENTRAL 

NEUROGLIA.    Moderately  magnified. 

the  postero-lateral  and  postero-mesial  columns  (in  the  latter  especially 
those  of  the  lower  spinal  nerves),  until  they  arrive  at  the  medulla 
oblongata,  where  they  end  in  terminal  arborisations  around  the 
cells  of  the  nucleus  gracilis  and  nucleus  cuneatus. 

The  central  canal  of  the  spinal  cord  is  lined  by  columnar  ciliated 
epithelium-cells  iependyma)  which  are  surrounded  by  a  quantity  of 
neuroglia.  The  cells  are  best  seen  in  the  spinal  cord  of  animals 
and  in  the  child  (figs.  526,  527);  in  the  human  adult  they  have 
frequently  become  proliferated,  and  cilia  are  no  longer  present.  In 
the  early  embryo  their  fixed  extremities  extend  through  the  whole 
thickness  of  the  cord  to  reach  the  pia  mater.  This  condition  is 
permanent  in  the  cord  of  many  of  the  lower  vertebrata. 

Blood-vessels  of  the  spinal  cord.— The  blood-supply  of  the  grey  matter 
is  derived  mainly  from  a  series  of  arterioles,  which  come  off  from  the 
mesially  situated  anterior  spinal  artery,  pass  into  the  anterior  median 
fissure,  and  at  the  bottom  of  this  divide  each  into  two  branches,  one  for  the 
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ViG.  528.— Section  of  cord  of  embrto,  showing  some  op  the  ependyma  cells 

DETACHED  AND  BECOMING  CONVERTED  INTO  NEUROGLIA-CELLS.    (v.  Lenhossek. ) 
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gi'ey  matter  of  each  lateral  half  of  the  cord.  In  the  grey  matter  is  a  very 
close  capillary  plexus  which  is  supplied  not  alone  by  the  vessels  just 
mentioned,  but  also  by  small  arterioles,  which  converge  from  the  small 
arteries  of  the  pia  mater,  passing  through  the  white  matter,  and  sujjplying 
this  as  they  pass  through  it.  These  arterioles  are  branches  of  the  above- 
mentioned  anterior  spiual  artery  and  of  the  posterior  spinal  arteries  (which 
run  on  each  side  along  the  line  of  the  jjosterior  roots).  The  capillary 
plexus  of  the  white  matter  is  far  less  dense  than  that  of  the  grey  matter. 
It  forms  longitudinal  meshes. 

The  veins  of  the  spinal  coi'd  accompany  the  arteries.  Two  longitudinal 
venous  vessels,  accompanying  corresponding  anastomotic  arterioles,  are  seen, 
one  on  either  side  of  the  central  canal,  in  most  transverse  sections  of  the 
cord. 
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LESSON  XLI. 
THE  MEDULLA  OBLONGATA. 

Sections  of  the  medulla  oblongata  (n)ade  in  the  same  way  as  with  the  spinal 
cord)  :  (a)  at  the  level  of  the  decussation  of  the  pyramids,  (6)  just  above  the 
decussation,  (c)  opjoosite  the  middle  of  the  olivary  body,  and  (c^)  either 
through  the  uppermost  part  of  the  olivary  body,  or  just  above  it. 


The  brain  consists  of  three  great  morphological  divisions  associated 
with  the  three  primary  cerebral  vesicles  of  the  embryo;  they  are 
termed  respectively  the  hind-brain,  mid-brain,  and  fore-brain. 

The  hind-brain  forms  the  parts  around  the  fourth  ventricle,  viz. 
the  medulla  oblongata  or  spinal  bulb  (myelencephalon),  and  above 
this  the  pons  Varolii  with  the  cerebellum  (metencephalon) ;  the  mid- 
brain forms  the  region  of  the  corpora  quadrigemina  (mesencephalon) ; 
the  fore-brain  the  parts  immediately  above  that  region  and  centring 
around  the  third  ventricle,  including  the  optic  thalami  (thala- 
mencephalon),  as  well  as  the  corpora  striata  and  cerebral  hemispheres 
(telencephalon). 

The  structure  of  the  medulla  oblongata  or  spinal  bulb  can  best 
be  made  out  by  the  study  of  a  series  of  sections  taken  from  below 
upwards,  and  by  tracing  in  these  the  changes  which  occur  in  the 
constituent  parts  of  the  spinal  cord,  taking  note  at  the  same  time 
of  any  parts  which  may  be  superadded. 

A  section  through  the  region  of  the  decussation  of  the  pyramids 
(fig.  529)  has  much  the  same  form  as  a  section  through  the  upper 
part  of  the  s{)inal  cord,  and  most  of  the  structures  of  the  cord  can 
be  easily  recognised.  A  considerable  alteration  of  the  grey  matter 
is,  however,  produced  by  the  passage  of  the  large  bundles  of  the 
crossed  pyramid-tract  from  the  lateral  column  of  the  spinal  cord 
on  each  side  through  the  root  of  the  anterior  horn  and  across  the 
anterior  median  fissure  to  the  opposite  anterior  column  of  the 
medulla  oblongata,  where,  together  with  the  fibres  of  the  direct 
pyramid-tract,  they  constitute  the  prominent  mass  of  white  fibres 
which  is  seen  on  the  front  of  the  bulb,  on  each  side  of  the  middle 
line,  and  which  is  known  as  the  pyramid.    By  this  passage  of  fibres 
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through  the  grey  matter  the  tip  of  the  anterior  horn  is  cut  off  from 
the  rest  and  becomes  pushed  as  it  were  to  the  side ;  part  of  it 
appears  as  an  isolated  mass  or  masses  of  grey  matter,  one  of  which 
becomes  known  as  the  lateral  nucleus.  In  sections  just  above  the 
decussation  of  the  pyramids  a  wavy  band  of  grey  matter  makes  its 
appearance  on  the  lateral  aspect  of  each  pyramid,  corresponding 
with  a  prominence  on  the  surftice  which  is  known  as  the  olive.  The 
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Fig.  529. — Section  acboss  the  lower  part  of  the  medulla  oblongata  in 

THE    REGION    OF  THE    DECUSSATION    OF  THE    PYRAMIDS.      Magnified  6^ 

diameters. 

wavy  or  plicated  grey  matter  is  termed  the  olivary  nucleus  (figs.  530, 
532). 

The  pyramids  (anterior  pyramids)  of  the  medulla  oblongata  are 
formed  of  fibres  which  originate  in  the  motor  region  of  the  cerebral 
cortex,  and  which  can  be  traced  from  the  axons  of  large  cells  in  the 
grey  matter  of  that  cortex  through  the  white  matter  of  the  hemisphere, 
through  the  middle  third  or  more  of  the  internal  capsule  and  crusta, 
through  the  pyramid  bundles  of  the  pons  Varolii  and  into  these 
structures  (pyramids)  of  the  bulb.    As  we  have  just  seen,  they  pass 
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at  the  lower  limit  of  the  bulb  chiefly  to  the  opposite  or  crossed 
lateral  column  of  the  cord,  but  partly  to  the  lateral  column  of  the 
same  side,  and,  in  man  and  anthropoid  apes,  partly  to  the  anterior 
column.  They  collectively  constitute  the  trad  of  the  pyramid,  which  is 
smaller  in  the  medulla  oblongata  than  in  the  pons,  since  many  of 
its  fibres  have  left  the  main  tract  whilst  -  within  the  pons  and  have 
passed  across  the  middle  line  towards  the  grey  matter  on  the  dorsal 
aspect  of  the  pons  and  medulla  oblongata.    Sometimes  such  a  bundle 
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Fig.  530. — Section  taken  immediately  above  the  decossation  of  the 
PYRAMIDS.    Magnified  6|  diameters. 

of  fibres,  after  passing  towards  the  sensory  nuclei  in  the  lateral 

part  of  the  medulla  oblongata,  does  not  end  in  them,  but  again 

comes  ventralwards  and  joins  the  main  or  central  part  of  the  tract 

near  its  decussation  {bundle  of  Pick). 

It  is  not  a  little  remarkable  that  although  the  fibres  of  the  pyramid-tract 
give  off  numerous  collaterals  to  the  grey  matter  of  tlie  cerebral  cortex,  the 
basal  ganglia  of  the  cerebrum,  the  substantia  nigra  of  the  mid-brain,  the 
nuclei  of  the  pons,  and  the  base  of  the  posterior  horn  of  the  spinal  cord, 
no  collaterals  are  seen  to  leave  them  in  their  course  through  the  medulla 
oblongata,  except  a  very  few  to  the  olivary  nuclei.  Various  observers 
have  described  collaterals  and  terminations  of  the  pyramid  fibres  as  isassing 
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to  the  motor  nuclei  of  the  cranial  ner' 
of  the  spinal  cord,  but  statements  to 
caution,  for  although  current  in  most 
text-books,  they  have  not  been  sub- 
stantiated by  accurate  observations. 
It  is  certain  that  most  if  not  all  of  the 
fibres  of  the  pyramid-tract  end  not  in 
the  ventral  but  in  the  dorsal  part  of 
the  grey  matter  of  the  cord. 

A  change  also  occurs  in  the  pos- 
terior horn  in  consequence  of  the 
increased  development  of  the  pos- 
terior column  of  white  matter.  This 
causes  the  posterior  horns  to  be 
pushed  towards  the  side,  the  V 
which  they  form  with  one  another 
being  thus  opened  out ;  at  the  same 
time  the  tip  of  the  horn  swells  out 
and  causes  a  prominence  upon  the 
surface  of  the  medulla  oblongata, 
which  is  known  as  the  tubercle  of 
Rolando.  Its  grey  matter  forms  the 
prolongation  of  the  sensory  nucleus 
of  the  fifth  nerve.  On  its  outer  side 
and  partly  embracing  it  is  a  bundle 
of  fibres  seen  in  every  section  of  the 
medulla  oblongata,  and  traceable  up 
to  the  pons  Varolii.  This  is  the 
inferior  or  descending  root  of  the 
fifth  nerve — formerly  known  as  the 
"ascending"  root.  Its  fibres  extend 
down  as  far  as  the  upper  cervical 
region  of  the  spinal  cord.  Grey 
matter  also  soon  becomes  formed 
within  the  upward  prolongations  of 
the  gracile  funiculus  (postero -mesial 
column),  and  of  the  cuneate  funi- 
culus (postero-lateral  column),  ap- 
pearing at  first  as  thin  strands  in  the 
middle  of  the  columns,  but  rapidly 
increasing  in  thickness  so  as  event- 
ually to  occupy  almost  the  whole  of 
them,  and  forming  the  nucleus  gracilis 
and  the  nucleus  cuneatus  respectively. 


es  as  well  as  to  the  anterior  horns 
this  effect  must  be  received  with 


V 


1 

Fig.  531. — Diagram,  modified  from 
cajal,  to  show  the  course  of  the 
posterior  root-fibres  after  enter- 
ING THE  CORD.  (Scliiifer.) 

a,  afferent  fibres  before  entering  ganglion  ; 
U.S.,  spinal  ganglion-cells  ;  y.V.,  ganglion  of 
5th  nerve  ;  c,  descending  branches  (forming 
comma  tract)  giving  off  collaterals  to  grey 
matter.  The  ascending  branches  are  shovsrn 
partly  ending  in  grey  matter  of  posterior 
horn,  partly  in  the  nucleus  gi-acilis  (n.y.) 
and  nucleus  cuneatus  (n.c.)  of  the  medulla 
oblongata  ;  s.  Ro. ,  substantia  Tlolandi ;  /, 
fibres  of  fillet  arising  in  nuclei  of  medulla, 
oblongata ;  e,  efferent  nerve-fibres. 
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It  is  in  these  nuclei  that  the  fibres  of  GoU's  and  Burdach's  tracts, 
which  are  continued  up  from  the  posterior  columns  of  the  spinal  cord, 
find  their  ultimate  ending  in  complicated  arborisations  amongst  the 
cells  of  the  nuclei.  These  nuclei  do  not,  however,  receive  all  the 
ascending  branches  of  the  posterior  root  fibres,  for  a  considerable 
number  of  these  have  already  disappeared  by  entering  the  grey  matter 
of  the  cord,  in  which  they  also  end  by  arborisation  amongst  its  cells. 
The  cells  of  the  nucleus  gracilis  and  nucleus  cuneatus  are  small  or  of 
moderate  size  with  long  dendrons.  Their  axons  pass  as  internal  arcuate 
fibres  through  the  reticular  formation  into  the  inter-olivary  layer,  cross 
I  the  median  raphe  dorsal  to  the  pyramids  (fig.  531),  and  then  turn 
upwai-ds,  constituting  the  tract  of  the  fillet.  This  tract,  which  in  its 
lowest  part  is  thus  formed  by  the  nerve-fibres  which  belong  to  the 
second  relay  (or  second  neurones)  of  one  of  the  sensory  spinal  paths,  is 
reinforced  in  the  higher  regions  of  the  medulla  oblongata  and  in  the 
pons  by  fibres  derived  from  cells  of  the  sensory  nuclei  of  the  cranial 
nerves.  The  majority  of  its  fibres  end  in  the  lateral  nucleus  of  the 
thalamus,  but  some  pass"to  both  the  anterior  and  posterior  corpora 
quadrigemina. 

According  to  Van  Geliuchten  the  fibres  of  the  fillet  which  are  derived  from 
the  nucleus  cuueatus  lie  dorsally  to  those  which  are  derived  from  the  nucleus 
gracilis. 

The  continuation  of  the  central  canal  of  the  spinal  cord  is  still  seen  in 
the  lower  medulla  oblongata  (figs.  529,  530),  but  it  comes  nearer  to  the 
posterior  surface  and  eventually  opens  out  at  the  point  of  the  calamus 
scriptorius  of  the  4th  ventricle  (fig.  632).  The  grey  matter  which 
surrounds  it  contains  two  well-marked  groups  of  nerve-cells ;  the 
anterior  (ventral)  of  these  is  tbe  lower  part  of  the  micletis  of  the 
hypoglossal  or  twelfth  nerve,  the  posterior  (dorsal),  with  smaller  cells, 
that  of  the  vago-accessory  or  tenth  and  eleventh.  But  most  of  the  grey 
matter  of  the  crescent  becomes  broken  up,  by  the  passage  of  bundles 
of  nerve-fibres  through  it,  into  a  reticular  formation  the  production  of 
which  is  already  foreshadowed  in  the  upper  part  of  the  spinal  cord. 
Instead  of  the  comparatively  narrow  isthmus  which  joins  the  two 
halves  of  the  spinal  cord,  a  broad  raphe  now  makes  its  appearance ; 
this  is  formed  of  obliquely  and  antero-posteriorly  coursing  fibres, 
together  with  some  grey  matter  containing  nerve-cells. 

In  the  section  at  about  the  middle  of  the  olive  (fig.  533),  it  will  be  seen 
that  a  marked  change  has  been  produced  in  the  form  of  the  medulla 
oblongata  and  the  arrangement  of  its  grey  matter,  by  the  opening  out 
of  the  central  canal  into  the  fourth  ventricle.  This  causes  the  grey 
matter  which  lower  down  surrounded  the  central  canal  to  be  now 
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spread  out  at  the  floor  of  that  ventricle,  and  the  collections  of  nerve- 
cells  from  which  the  hypoglossal  and  vagus  nerves  respectively  arise, 
now,  therefore,  lie  in  a  corresponding  situation  near  the  ventricular 
floor.  At  this  level  the  outer  small-celled  group  which  corresponds 
with  the  nucleus  of  the  spinal  accessory  in  the  lower  part  of  the  bulb 
has  become  the  dmsal  nuclem  of  the  vagits  or  tenth  nerve,  and  yet  higher 
up  the  dorsal  nucleus  of  the  glosso-pharyngeal  or  ninth  nerve.    The  nerve- 
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Fig.  532.— Section  across  the  medulla  oblongata  at  the  point  of  the 
CALAMUS  SCKIPTOKIUS  OF  THE  4th  ventuicle.    Magnified  &\  diameters. 


bundles  of  the  roots  of  these  nerves  can  be  seen  in  some  of  the  sections 
(fig.  533)  coursing  through  the  thickness  of  the  bulb  and  emerging, 
those  of  the  hypoglossal  just  outside  the  pyramids,  those  of  the  vagus 
at  the  side  of  the  medulla  oblongata. 

The  posterior  part  of  the  section  is  chiefly  occupied  by  the  grey 
matter  of  the  floor  of  the  fourth  ventricle,  and  by  fibres  which  are 
passing  obliquely  upwards  and  outwards  towards  the  cerebellum, 
forming  its  inferior  crus  (restiform  bodij).    The  grey  matter  forming  the 

nucleus  of  the  funiculus  gracilis  and  of  the  funiculus  cuneatus  has  now 
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almost  disappeared,  but  in  place  of  them  and  near  the  outer  part  of  the 
floor  of  the  fourth  ventricle  are  seen  some  masses  of  grey  matter  with 
a  number  of  bundles  of  nerve- fibi'es  amongst  them.  The  grey  matter  is 
the  lower  part  of  the  principal  nucleus  of  the  vestibular  nerve  (see 
p.  443),  and  the  white  bundles  are  formed  of  descending  branches  of 
the  fibres  of  that  nerve.  Below  these  structures  is  the  descending  root 
of  the  5th,  with  its  nucleus  mesial  to  it. 
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Fig.  533.-SECTTON  across  the  medull.v  oibi  ongat-v,  at  ABOur  the  middle 
OF  THE  OLIVARY  BODY.    Magnified  6^  diameters. 

The  anterior  part  of  the  section  is  occupied  in  front  by  the  pyramid, 
and  behind  this  by  a  reticular  formation  {reticularis  alba),  composed  of 
lono-itudinallv  coursing  bundles  of  fibres  belonging  mainly  to  the  iracf 
of  the  fillet  and  to  the  dorsal  and  ventral  (posterior  and  anterior)  longi- 
tudinal bundles,  interlaced  with  internal  arcuate  fibres  that  are  passing 
across  the  raphe  from  the  nuclei  of  the  contralateral  posterior  columns 
into  the  fillet,  and  from  the  opposite  olive  into  the  restiform  body. 
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The  middle  portion  of  the  section  consists  for  the  most  part  of  a 
similar  reticular  formation,  but  with  more  grey  matter  and  nerve-cells 
(reticularis  grisea).  This  is  a  development  of  the  formatio  reticularis  of 
the  cervical  cord,  and  the  longitudinally  coursing  white  bundles  in  it 
are  probably  association  fibres,  derived  from  cells  in  the  upper  part  of 
the  cord.  On  the  other  hand  the  nerve  cells  of  this  grey  reticular 
formation  in  the  medulla  oblongata  give  origin  to  fibres  which  bifurcate 
and  pass  both  upwards,  probably  serving  as  association  fibres  for  the 
same  area  in  the  pons,  and  downwards  towards  the  upper  part  of  the 
cord.  Some  also  are  said  to  give  origin  to  fibres,  which  either  after 
traversing  the  raphe  or  passing  directly  to  the  same  side  as  arched 
fibres,  eventually  enter  the  cerebellum  through  the  inferior  peduncle 
(Van  Gehuchten). 

Ventro-laterally  is  the  olive,  within  which  is  developed  a  peculiar 
Avavy  lamina  of  grey  matter  containing  a  large  number  of  nerve-cells  ; 
that  is  the  dentate  nucleus  of  the  olive.  The  lamina  is  incomplete  at  its 
mesial  aspect  (hilus  olives),  and  here  a  large  number  of  fibres  issue,  and, 
passing  through  the  raphe,  course  as  internal  arcuate  fibres  to  the 
opposite  restiform  body,  and  thus  to  the  cerebellum.  Some,  however, 
turn  sharply  round  and  course  below  the  dentate  nucleus,  forming  an 
investment  and  capsule  to  it  {silujua  olivce),  and  pass  towards  the  resti- 
form body  of  the  same  side :  but  the  main  connection  of  .the  olivary 
nucleus  is  with  the  cerebellar  hemisphere  of  the  opposite  side.  The 
olives  receive  numerous  collaterals  from  the  neighbouring  white  columns, 
including  a  few  from  the  pyramids.  Just  dorsal,  or  dorso-lateral  to  the 
olive,  is  the  continuation  upwards  of  the  ventral  spino-cerehellar  bundle 
(tract  of  Gowers)  of  the  spinal  cord ;  the  continuation  of  the  dorsal 
spino-cerebellar  bundle  (tract  of  Flechsig),  just  above  it,  is  now  passing 
into  the  restiform  body. 

A  tract  of  fibres  which  arise  within  the  thalamus  passes  over  the 
lateral  surface  of  the  nucleus  olivae  and  ends  within  its  grey  matter 
(thalamo-olivary  tract,  central  tegmental  tract  of  Bechterew).  The  cells 
of  the  dentate  nucleus  have  numerous  dendrons ;  their  axons  all  pass 
towards  the  hilus,  where  they  emerge,  and,  for  the  most  part,  cross 
the  raphe,  pierce  the  opposite  olivary  nucleus,  and  pass,  as  already 
mentioned,  into  the  restiform  body  (oHvo-cerebellar  tract). 

Nerves  arising  from  the  medulla  oblongata. — The  12th,  11th,  10th, 
9th,  and  8th  nerves  all  take  origin  in  the  medulla  oblongata,  and  their 
fibres  may  be  seen  emerging  on  either  side,  those  of  the  12th  ventrally 
i)etween  the  pyramid  and  olive,  and  those  of  the  other  three  nerves  in 
succession  at  the  side  of  the  medulla  oblongata  between  the  olive  and 
restiform  body. 
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The  Xllth  or  hypoglossal  nerve  arises  from  a  well-marked  nucleus 
oi  large  cells,  similar  to  those  of  the  anterior  horn  of  the  cord  This 
nucleus?is  situated  :-in  the  lower  part  of  the  bulb,  ventro-lateral  to 
the  central  canal  (fig.  530) ;  in  the  upper  part,  near  to  the  floor  of  the 
Uh  ventricle,  close  to  the  middle  line  (figs.  532,  533).  None  of  the 
fibres  cross  to  the  opposite  side;  according  to  Van  Gehuchten,  this  is 


Fig.  534.— Diagrams  illustrating  the  origin  and  kklations  ok  the  root- 
fibres  OF  the  cranial  nerves. 

A.  Efferent  fibres  only  :  profile  view.- 

B.  Shows  on  the  left  the  motor  nuclei  and  efferent  fibres  (except  those  of  the  4th  nerve), 

and  on  the  right  side  the  afferent  fibres :  surface  view. 


true  of  all  the  cranial  nerves,  except  a  few  fibres  of  the  3rd  nerve  and 
the  whole  of  the  4th  nerve.  The  hypoglossal  nucleus  extends  through- 
out about  the  lower  two-thirds  of  the  bulb  (fig.  534,  nXIL).  It 
receives  many  collaterals  from  adjacent  sensory  tracts  in  the  reticular 
formation  and  from  the  descending  sensory  nuclei  of  the  5th,  9th,  and 
10th  nerves,  as  well  as  from  the  posterior  longitudinal  bundle.  These 
form  a  plexus  of  fine  fibrils  within  the  nucleus  which  is  highly 
characteristic.     A  similar  plexus  is  seen  in  the  oculo-motor  nucleus. 
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Mesial  to  the  hypoglossal  nucleus,  in  the  open  part  of  the  medulla 
oblongata,  is  the  nucleus  of  the  fasciculus  teres,  a  column  of  moderate- 
sized  cells  which  extends  towards  the  lower  margin  of  the  pons  and 
appears  to  receive  fibres  from  the  cerebellum  (Edinger). 

The  Xlth  nerve  or  spinal  accessory  begins  to  take  origin  from  cells 
in  the  lateral  part  of  the  grey  matter  of  the  spinal  cord  as  low  down 
as  the  5th  cervical  nerve.    Its  fibres  from  the  cord  (spinal  fibres)  are 
those  to  the  (voluntary)  stei'nomastoid  and  trapezius  muscles.  They 
pass  from  the  cells  of  origin  in  the  lateral  part  of  the  anterior  horn 
(motor  nucleus)  at  first  dorsalwards,  and  then  take  a  sharp  bend  outwards 
through  the  lateral  column  to  emerge  at  the  side  of  the  cord  and 
medulla  oblongata.    The  bulbar  fibres  (which  join  the  vagus)  take 
origin  in  a  nucleus  of  relatively  small  cells  which  lies  dorso-laterally  to 
the  central  canal  of  the  medulla  oblongata  and  behind  the  hypoglossal 
nucleus.    This  nucleus  is  continuous  above  with  the  corresponding 
nucleus  of  the  vagus,  and  with  it  forms  the  dorsal  accessory-vagus  nucleus 
(figs.  530,  532,  533,  534).    Below,  it  extends  nearly  as  far  as  the  first 
cervical  nerve ;  its  upper  part  (vagal  part)  is  in  the  floor  of  the  4tli 
ventricle  lateral  to  the  hypoglossal  nucleus,  and  extends  nearly  as  far 
as  the  lower  border  of  the  pons.    Of  the  whole  nucleus  about  the  lower 
two-thirds,  i.e.  as  far  as  the  lower  end  of  the  calamus  scriptorius,  gives 
origin  to  fibres  of  the  accessory.    These  fibres,  as  already  stated,  join 
the  vagus,  to  which  they  supply  the  motor  fibres  of  the  thyro-arytenoid 
muscles  (Van  Gehuchten).    The  12th  and  llth  nerves  are  entirely 
efferent. 

The  Xth  nerve  or  vagus  (pneumogastric)  contains  both  motor 
(efi'erent)  and  sensory  (afferent)  fibres.  The  efferent  fibres  arise  (1)  from 
the  upper  part  of  the  dorsal  accessory-vagus  nucleus  just  described, 
(2)  from  a  nucleus  of  grey  matter  containing  large  cells  situated  in 
the  reticular  formation  (figs.  533,  535,  n.amb.).  This  nucleus  begins 
near  the  lower  limit  of  the  bulb  and  extends  nearly  to  the  facial 
nucleus,  which  it  resembles  in  general  position :  it  is  known  as  the 
nucleus  ambiguus  {ventral  nucleus  of  the  Xth  nerve).  The  axons  of  its 
cells  are  directed  at  first  backwards  and  inwards  and  then  turn  sharply 
round  in  the  lateral  direction  to  join  the  rest  of  the  issuing  fibres 
of  the  nerve,  coursing  in  the  same  manner  as  the  spinal  fibres  of 
the  accessory ;  indeed,  this  nucleus  is  continuous  below  with  the 
column  of  cells  from  which  those  fibres  take  origin. 

The  sensory  fibres  take  origin  in  the  ganglion  of  the  root  and  the 
ganglion  of  the  trunk  {jugular  and  2)lexifm-m  ganglia)  of  the  nerve,  from 
unipolar  cells  like  those  of  the  spinal  ganglia  (fig.  535,  g).  They  enter 
the  medulla  oblongata,   and  then  bifurcate,   one  branch,   a  short 
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(ascending)  one,  passing  at  once  into  the  upper  sensory  or  principal 
nucleus,  the  other,  a  long  one,  descending.  The  descending  fibres 
(with  similar  fibres  of  the  IXth  and  those  of  the  pars  intermedia  of 
the  Vllth)  form  the  so-called  fasciculus  solitarius  (figs.  532,  533,  535) 
{descending  root  of  facial,  vagus,  and  glossopharyngeal),  which  is  traceable 
to  the  lower  limit  of  the  medulla  oblongata ;  they  end  in  grey  matter 
which  lies  along  its  mesial  border  {descending  nucleus  of  facial,  vagus, 
and  glossopharyngeal).  This  nucleus  approaches  the  middle  line  as  it 
descends,  and  in  some  animals  terminates  by  joining  its  fellow  of  the 
opposite  side  over  the  central  canal  to  form  the  commissural  nucleus  of 


Fig.  535. — Plan  of  the  origin  of  the  XIIth  and  Xth  nerves. 

PJ/'S  Pyi'S'inid  ;  n.X//. ,  nucleus  of  hypoglossal ;  X//.,  fibre  of  hypoglossal;  d.n.X.  X/., dorsal 
nucleus  of  vagus  and  accessory  ;  n.amb.,  nucleus  ambiguus  ;  f.s.,  fasciculus  solitarius 
(descending  root  of  vagus  and  glossopharyngeal;  f.s.n.,  its  nucleus;  A'.,  emerging 
motor  fibres  of  vagus ;  g,  cell  in  ganglion  of  vagus  giving  origin  to  a  seusoxy  fibre ; 
d.  v.,  descending  root  of  fifth  ;  r.,  corpus  restiforme. 

Cajal.  The  upper  sensory  nucleus  {principal  nucleus),  in  which  the 
short  branches  from  the  sensory  root  end,  lies  in  grey  matter  near  the 
floor  of  the  ventricle,  and  is  continuous  with  that  which  accompanies 
the  fasciculus  solitarius. 

The  IXth.  or  glossopharyngeal  nerve  also  contains  both  efferent  and 
afferent  fibres.  The  former  have  their  cells  of  origin  in  a  special 
nucleus  which  occupies  a  position  similar  to  that  of  the  nucleus 
ambiguus,  but  is  mesial  to  the  anterior  end  of  that  nucleus,  and  just 
below  the  nucleus  of  the  facial  {motor  nucleus  of  glossopharyngeal).  The 
afferent  fibres  of  the  nerve  arise  in  the  upper  or  jugidar  and  petrosal 
ganglia  from  unipolar  cells  like  those  of  the  spinal  ganglia.  Their 
central  axons  enter  the  medulla  oblongata,  and,  like  other  sensory 
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fibres,  bifurcate  into  two  branches,  ascending  and  descending.  Their 
course  is  like  those  of  the  vagus,  the  descending  passing  down  in  the 
fasciculus  solitarius  (extending  to  about  one-third  of  its  length,  Bruce), 


n.IX. 


n.IX. 


VIII.c 


n.ar 


Fig.  536.— Section  of  iiedulla  oblongata  at  the  level  of  the  eighth 
NEHVE.    Magnified  about  6  diameters. 

n.v.,  part  o£  vestibular  nucleus  '  n.IX.,  parts  of  nucleus  of  ninth  ncrvo ;  D,  nucleus  of 
Deiters ;  v,  descending  fibres  of  vestibular  nerve;  f.s.,  fasciculus  .solitarius;  n.r., 
smaU  nucleus  in  restiform  ;  r,  restiform  body;  IX.,  fibres  of  ninth  nerve;  n.a., 
nucleus  ainbiguus;  n.V.,  sensory  nucleus  of  fifth  nerve;  V.d.,  descending  root  of 
fifth  ;  n.c,  part  of  dorsal  cochlear  nucleus  ;  VlII.c,  cochlear  division  of  eighth  nerve  ; 
v.n.c,  ventral  cochlear  nucleus;  ii.l.,  lateral  nucleus;  o,  olivary  nucleus ;  ii.ar., 
nucleus  of  arciforrn  fibres;  py,  iiyramid  ;  n.a.,  grey  matter  in  floor  of  4th  ventricle; 
n.  A'//.,  nucleus  of  twelfth;  VIW,  fibres  of  oocbloar  nerve  entering  raphe  ;  p.i.,  pos- 
terior longitudinal  bundle;  r,  raphe;  a.l.,  anterior  lougitudinal  bundle  ;  a.o.,  acces- 
sory olivary  nucleus ;  h.o.,  fibres  issuing  from  the  hilus  of  the  olive  ;  /,  fibres  of  fillet. 


440 


THE  ESSENTIALS  OF  HISTOLOGY. 


and  ending  by  arborising  in  the  grey  matter  accompanying  it  {desceml- 
mg  root  and  nucleus),  while  the  ascending  branches  pass  nearly 
horizontally  backwards  and  inwards  to  a  nucleus  (principal  nuclem) 
beneath  the  inferior  fovea  of  the  floor  of  the  ventricle  which  is  con- 
tinuous with  the  upper  end  of  the  nucleus  of  the  descending  root.  The 
arrangement  is  almost  exactly  a  counterpart  of  that  of  the  vagus 
shown  in  the  diagram  given  in  fig.  535. 

According  to  Edinger  the  sensory  nuclei  of  these  nerves  receive  fibres  from 
the  cerebelliun  constituting  a  cerehello-hvlbar  tract,  which  is  much  better 
marked  m  lower  vertebrates  than  in  man  and  mammals. 


Fig.  537. — Transversk  section  of  the  uppkr  p.\rt  of  the  medulla 
OBLONGATA.    4-    (Schwalbe. ) 

PVt  pyi'amid ;  o,  olivary  nucleus;  V,  descending  root  of  the  fifth  nerve;  VIII.,  root  of 
the  auditory  nerve,  formed  of  two  jiarts,  a,  cochlear,  and  b,  vestibular,  which  inclose 
the  restiform  body,  c.r.\  n.VJJIp.,  principal  nucleus  of  the  vestibular  division; 
v..  VII lac. ,  ventral  or  accessory  nucleus  of  the  cochlear  division  ;  g,  dorso-lateral  nucleus 
of  the  cochlear  division  ;  n./.t.,  nucleus  of  the  funiculus  teres  ;  n.XIl.,  nucleus  of  the 
hypoglossal ;  r,  raphe ;  f.r.,  reticular  formation. 

The  Vlllth  nerve. — A  section  taken  through  the  uppermost  part  of  the 
olivary  prominence  will  still  show  very  much  the  same  form  and 
structural  arrangements  as  that  just  described  (fig.  536).  The  nucleus 
of  the  hypoglossal  (figs.  536,  537,  n.XII.)  is  still  visible  in  the  grey  matter 
of  the  floor  of  the  ventricle  near  the  middle  line,  but  the  nerve  which 
is  now  seen  connected  with  the  lateral  part  is  the  eighth  or  auditory 
{VIII).,  the  bundles  of  which,  as  they  enter  the  bulb,  embrace  the 
inferior  crus  of  the  cerebellum  (corpus  restiforme,  c.r.),  which  is  now 
passing  into  that  organ.    The  origin  of  the  eighth  nerve  is  thus 
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subdivided  into  two  principal  parts,  known  respectively  as  the  dwsal  or 
cochlear  and  the  ventral  or  vestibular  divisions  (fig.  537). 

The  real  origin  of  the  nerve  fibres  in  these  roots  is  in  the  ganglion 
of  the  cochlea  and  the  ganglion  of  Scarpa  respectively.  These  ganglia, 
which  are  situated  at  the  periphery  within  and  near  the  internal  ear, 
are  composed  of  bipolar  cells,  of  which  the  peripheral  axons  end  .by 
ramifying  amongst  the  cells  of  the  auditory  epithelium,  and  the 
central  axons  form  the  cochlear  and  the  vestibular  divisions  of  the 
auditory  nerve  and  pass  into  the  medulla  oblongata  in  the  manner 
here  described. 


NERVE-ENDINGS 

IN  ORGAN  OF  CORTI 


Fig.  538. — Plan  of  the  couese  and  connections  of  the  fibres  foriiing 
the  cochlear  root  of  the  auditory  nerve. 

)•.,  restiform  body ;  V.,  descending  root  of  the  fifth  nerve;  tvh.uc,  tuberculum  acusticum; 
n.acc,  accessory  nucleus;  s.o.,  suj>erior  olive;  n.tr.,  nucleus  of  trapezium;  n.VI., 
nucleus  of  sixth  nerve  ;  VI.,  issuing  root  fibre  of  sixth  nerve. 


The  fibres  of  the  dorsal  or  cochlear  division  (cochlear  nerve) 

bifurcate  as  they  enter  the  medulla  oblongata.  Each  fibre  divides 
into  a  thick  and  a  thin  branch.  The  thicker  branches  pass  partly  to 
a  mass  of  ganglion  cells  which  is  wedged  in  between  the  two  roots  and 
the  restiform  body,  and  is  known  as  the  ventral  or  accessory  auditory  . 
nucleus  (figs.  537,  538,  n.acc.),  applying  themselves  with  a  peculiar  form 
of  terminal  arborisation  to  the  cells  of  this  nucleus ;  partly  over  the 
restiform  body  to  terminate  in  a  prominent  mass  of  grey  matter  which 
overlies  that  body  and  also  extends  to  the  lateral  part  of  the  floor  of  the 
fourth  ventricle  at  its  widest  part  {dorso-lateral  nucleus,  tuberculum 
acusticum).  The  cells  of  the  tubercle  have  a  peculiar  spindle  shape  and 
are  set  vertically  to  the  surface.    They  appear  to  begin  in  the  root 
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itself,  lying  amongst  the  fibres  of  the  nerve.  Here  they  are  sometimes 
spoken  of  as  forming  the  "  ganglion  of  the  root."  The  thinner  branches 
of  the  bifurcated  cochlear  fibres  pass  downwards  for  a  certain  distance 
and  break  up  into  a  plexus  of  fine  fibrils. 

These  two  nuclei,  viz.,  the  accessory  nucleus  and  the  acoustic 
tubercle,  are  the  nuclei  of  ending  of  the  cochlear  fibres.  From  their 
nerve-cells  new  fibres  arise  which  continue  the  auditory  path  centrally 
(see  fig.  538).  Those  from  the  accessory  nucleus  enter  the  trapezium 
— which  consists  of  transverse  fibres  running  behind  the  pyramid 
bundles  of  the  pons  Varolii — and  pass  in  it  partly  to  the  superior 
olive  and  trapezoid  nucleus  of  the  same  side  of  the  pons,  but  mostly 
to  the  corresponding  structures  on  the  opposite  side.  Some  end  in 
those  nuclei,  but  others  merely  traverse  them,  giving  off  numerous 
collaterals  to  them  and  to  the  superior  olives  and  other  nuclei  close 
by  (see  p.  448),  and  then  turn  upwards  in  the  lateral  part  of  the 
tract  of  the  fillet  to  pass  ultimately  towards  the  inferior  corpora 
quadrigemina;  in  tending  towards  these  structures  at  the  side  of  the 
mid-brain  they  form  the  lateral  fillet,  or  fillet  of  Beil,  which  is  there 
conspicuous.  Some  of  the  fibres  from  the  cells  of  the  accessory 
nucleus  do  not  pass  directly  to  the  trapezium,  but  first  curve  round 
the  restiform  body  (Held) ;  these  form  the  most  dorsally  situated  fibres 
of  the  trapezium.  The  fibres  which  arise  in  the  acoustic  tubercle  pass 
for  the  most  part  over  the  floor  of  the  fourth  ventricle,  where  they 
are  seen  superficially  as  the  medullary  or  acoustic  strice,  and  entering 
the  raphe,  traverse  it  from  behind  forwards,  and  then  join  the  others 
from  the  accessory  nucleus  in  their  course  to  the  superior  olive  and 
lateral  fillet  of  which  they  constitute  the  deeper  layer.  A  few  fibres 
are  directed  into  the  fillet  of  the  same  side  as  their  cells  of  origin. 

Edinger  states  that,  at  least  in  the  dog,  all  the  fibres  of  the 
trapezium  end  in  its  nucleus  or  in  the  superior  olivary  nucleus,  the 
central  acoustic  path  being  wholly  continued,  so  far  as  the  trapezium 
fibres  are  concerned,  by  fresh  neurones,  the  cell-bodies  of  which  lie  in 
those  nuclei,  and  the  axons  of  which  pass  into  the  lateral  fillet.  On 
the  other  hand,  from  the  cells  in  the  tuberculum  acusticum,  the  axons 
are  said  to  be  continued  upwards  in  the  opposite  lateral  fillet  without 
the  intervention  of  any  corresponding-  nuclei.  The  lateral  fillet  passes 
above  into  the  posterior  colliculus  of  the  mid-brain. 

The  accessory  nucleus  also  receives  fibres  from  the  trapezium,  which 
end  by  ramifying  amongst  its  cells.  These  are  jserhaps  derived  from 
the  accessory  nucleus  of  the  opposite  side. 

Both  sets  of  fibres  (from  the  accessor}^  nucleus  and  tuberculum)  give 
off  collaterals  near  their  origin,  which  terminate  within  these  nuclei. 
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The  ventral  or  vestibular  division  (vestibular  nerve),  which  enters 
a  little  in  front  of  (above)  the  cochlear  division,  passes  between  the 
restiform  body  and  the  descending  root  of  the  fifth  (fig.  537),  to  enter 
a  mass  of  grey  matter  containing  for  the  most  part  cells  of  small  size, 
which  is  termed  the  principal  or  dorsal  nucleus  of  the  vestibular 
division.  Here  each  of  its  fibres  divides  with  a  Y-shaped  division 
into  an  ascending  and  a  descending  branch  (fig.  539).  The  descending 
branches  are  collected  into  small  bundles  {descending  vestibular  root) 


&  AMPULL/E 


Fig.  539. — Plan  op  the  course  and  connbotions  op  the  pibbes  poeming 
the  vestibular  eoot  op  the  auditory  nerve. 

r.,  restiform  body;  V.,  descending  root  of  fifth  nerve  ;  p.,  cells  of  principal  nucleus  of 
vestibular  root ;  d,  fibres  of  descending  vestibular  root ;  n.d.,  a  cell  of  the  descending 
vestibular  nucleus  ;  J).,  cells  of  nucleus  of  Deiters  ;  B,  cells  of  nucleus  of  Buchterew  ; 
n.L,  cells  of  nucleus  tecti  (fastigii)  of  the  cerebellum  ;  p.l.b.,  fibres  of  posterior  longi- 
tudinal bundle.  No  attemj^t  has  been  made  in  this  diagram  to  represent  the  actual 
•  positions  of  the  several  nuclei.  Thus  a  large  part  of  Deiters'  nucleus  lies  dorsal  to  and 
in  the  immediate  vicinity  of  the  restiform  body. 

which  run  downwards  towards  the  lower  part  of  the  medulla  oblongata, 
and  gradually  end  by  arborising  around  cells  in  the  adjacent  grey 
matter  {descending  vestibular  nucleus),  which  is  continued  down  from  the 
principal  nucleus.  The  ascending  branches  pass  upwards  on  the  inner 
side  of  the  restiform  body  towards  the  nucleus  tecti  of  the  cerebellum. 
In  their  course  they  give  off"  numerous  collaterals  which  arborise  round 
the  large  cells  of  two  nuclei  which  occur  in  this  part  of  the  medulla 
oblongata  and  pons  near  the  outer  part  of  the  floor  of  the  fourth 
ventricle.  These  two  nuclei  are  termed  the  nucleus  of  Deiters  and  the 
nucleus  of  Bechterew  respectively  (fig,  539). 
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Van  Gehuchten  states  that  the  nucleus  of  Bechterew  ahjne  receives  fibres 
trom  the  ascending  branches  and  that  all  tl)e  other  nuclei  (dorsal,  descending, 
and  nucleus  of  Deiters)  are  furnished  with  fibres  from  the  descending 
branches.  ° 

The  nucleus  of  Deiters  is  especially  characterised  by  the  large  size 
of  its  cells  and  by  the  manner  in  which  they  are  enveloped  as  by  a 
basket  work  by  the  ramifications  of  the  collaterals  in  question.  From 
these  cells  fibres  arise  which  pass  to  the  posterior  longitudinal  bundles 
of  both  sides :  in  these  the  fibres  bifurcate  (Cajal),  one  branch  passing 
upwards  to  the  oculomotor  nucleus  and  giving  off  collaterals  to  the 
nucleus  of  the  sixth  nerve,  and  the  other  downwards,  eventually 
reaching  the  anterior  column  of  the  spinal  cord  (antero-lateral 
descending  tract)  and  terminating  by  arborisations  amongst  the  cells  of 
the  anterior  horn  (see  p.  417).  By  means  of  the  collateral  fibres  which 
supply  the  sixth  and  oculomotor  nuclei  it  is  probable  that  the  conjugate 
movements  of  the  two  eyes  are  brought  about.  Fibres  have  also  been 
described  as  passing  from  Deiters'  nucleus  to  the  nucleus  tecti  of  the 
cerebellum.  Owing  to  its  connections  with  the  semicircular  canals, 
the  cerebellum,  the  oculomotor  nuclei,  and  the  nuclei  in  the  anterior 
horn  of  the  spinal  cord,  this  nucleus  has  important  functions  in 
connection  with  co-ordination  of  head  and  eye  movements  and 
equilibration  in  general. 

The  fibres  which  originate  in  the  nucleus  of  Bechterew  pass  into 
the  reticular  formation  and  become  longitudinal,  but  their  destination 
is  not  certainly  known.  Some  are  said  to  pass  into  the  anterior 
column  of  the  cord. 

The  reticular  formation  still  occupies  the  greater  part  of  each  lateral 
half  of  the  bulb  between  the  grey  matter  at  the  fioor  of  the  fourth 
ventricle  and  the  pyramids,  and  a  small  portion  of  the  olivary  nucleus 
may  still  be  seen,  as  may  also  the  descending  root  of  the  fifth  nerve 
with  its  adjacent  grey  matter. 

The  restiform  body  is  formed  partly  of  the  fibres  of  the  cerebellar 
tract  of  Flechsig  of  the  same  side,  which  are  derived  below  from  the 
cells  of  Clarke's  column,  and  pass  above  into  the  middle  lobe  of  the 
cerebellum,  partly  of  fibres  from  the  opposite  olivary  nucleus,  and 
partly  of  fibres  from  the  olivary  nucleus  of  the  same  side.  The  olivary 
.fibres  pass  mainly  to  the  cerebellar  hemisphere.  According  to  some 
authorities  the  restiform  body  contains  fibres  derived  from  the 
nucleus  gracilis  and  nucleus  cuneatus  of  the  opposite  side.  It 
is  said  also  to  receive  some  fibres  from  a  nucleus  which  lies  just 
outside  the  main  mass  of  grey  matter  of  the  funiculus  cuneatus.  and 
is  known  as  the  outer  cuneatemicleiia. 
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The  floor  of  the  fotirth  ventricle  is  covered  by  a  layer  of  ciliated 
epithelium-cells,  continuous  below  with  those  lining  the  central  canal, 
and  above,  through  the  Sylvian  aqueduct,  Avith  the  epithelium  of  the 
third  and  lateral  ventricles.    The  epithelium  rests  upon,  and  its  cells 
assist  in  forming,  a  layer  of  neuroglial  tissue  known  as  the  ependyma 
of  the  ventricle.    The  fourth  ventricle  is  roofed  over  by  a  layer  of 
pia  mater,  with  projecting  choroid  plexuses,  the  under  surface  of  which 
is  covered  by  a  thin  epithelial  layer  continuous  at  each  side  with  the 
>  ciliated  epithelium  of  the  floor.    The  roof  becomes  somewhat  thickened 
;as  it  is  continued  into  the  ependymal  layer  of  the  floor  of  the  ven- 
tricle; this  thickened  part  (tcenia  or  ligula,  figs.  532,  533),  is  often  left 
i  attached  when  the  thin  epithelial  roof  is  removed  along  with  the  pia 
mater  which  covers  it. 
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LESSONS  XLII.  AND  XLIII. 

THE  PONS  VAROLII,  MESENCEPHALON,  AND 
THALAMENGEPHALON. 

1.  Sections  through  the  lower,  middle,  and  upper  parts  of  the  pons  Varolii. 

2.  Sections  across  the  region  of  the  corpora  quadrigemina,  one  at  the  level 
of  the  inferior,  the  other  at  the  level  of  the  superior,  pair. 

3.  A  section  across  the  posterior  part  of  the  third  ventricle  passing 
through  the  optic  thalami. 

In  all  the  above  sections  sketch  under  a  low  power  the  general  arrange- 
ment of  the  grey  and  white  matter,  inserting  the  positions  of  the  chief 
groups  of  nerve-cells. 

[The  tissue  is  hardened  and  the  sections  are  prepared,  stained,  and 
mounted  in  the  same  way  as  the  spinal  cord  and  medulla  oblongata.] 


THE  PONS  VAROLII. 

Sections  through  the  lower  part  of  the  pons  (fig.  540)  show  much 
the  same  arrangement  of  grey  and  white  matter  as  that  met  with 
at  the  upper  part  of  the  medulla  oblongata,  but  the  general  appearance 
of  the  sections  is  much  modified  by  the  presence  of  a  large  number  of 
transversely  coursing  bundles  of  nerve-fibres,  most  if  not  all  of  which 
are  passing  to  the  hemispheres  of  the  cerebellum  (fibres  of  middle 
peduncle  of  cerebellum). ^  Intermingled  with  these  bundles  is  a 
considerable  amount  of  grey  matter  {nuclei  pontic)  from  the  cells  of 
which  the  fibres  of  the  middle  peduncle  (of  the  opposite  side)  are 
derived.  Amongst  the  cells  of  the  nuclei  pontis  many  collaterals  of 
the  pyramid-tracts  end,  and  the  cortico-pontine  fibres  (see  below) 
also  terminate  here ;  thus  forming  a  connection  between  the  cerebral 
hemisphere  of  the  one  side  and  the  opposite  cerebellar  hemisphere.  The 
continuation  of  the  pyramids  of  the  medulla  oblongata  (fig.  540,^?/),  is 
embedded  between  the  transverse  bundles  of  the  pons,  but  the  pyramid 
bundles  of  the  pons  are  much  larger  than  the  pyramids  of  the  medulla 
oblongata,  and,  in  addition  to  fibres  of  the  pyramid-tract  proper 
{corticospinal  system),  derived  from  the  motor  area  of  the  cortex, 
they  are  largely  composed  (especially  the  postero-lateral  bundles)  of 
fibres  {cortico-pontine  system)  connecting  other  regions  of  the  cortex  with 

^Some  of  the  most  anterior  of  these  peduncular  fibres  often  form  a  detachctl 
bundle  which  is  known  as  the  taenia  ponlis. 
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this  part  of  the  hind-brain.  The  pyramid  bundles  are  separated  from 
the  reticular  formation  by  deeper  transverse  fibres,  which  belong  to 
a  different  system  from  those  of  the  middle  peduncle.  They  form 
what  has  already  been  referred  to  as  the  trapezium  (figs.  538,  540) ;  a 
collection  of  fibres  which  forms  part  of  the  central  auditory  path,  and 
some  of  which  appear  to  be  commissural  between  the  auditory  nuclei 


Fig.  540. — Transverse  section  through  the  lowermo.st  part  of  the  pons 
VAROLII.    ^.    From  a  photograph. 

V.I  v.,  fourth  ventricle  ;  c,  white  matter  of  cerebellar  hemisphere  ;  cel.,  coriDus  dentatum  ; 
fl.,  flocculus  ;  c.r.,  corpus  restiforme  ;  J{,  bundle  of  Roller,  composed  of  the  descending 
branches  of  the  vestibular  nerve  ;  V,  nucleus  of  Deiters  ;  VIIL,  issuing  root  of  auditory 
nerve;  Vlll.d,,  princijjal  or  dorsal  nucleus  of  the  vestibular  nerve  ;  VUI.v.,  nucleus 
of  cochlear  portion  ;  tr.,  trapezium  ;  n.lr.,  its  nucleus  ;  f,  fillet ;  p.l.b.,  i50sterior  longi- 
tudinal bundle;/.)'.,  formatio  reticularis;  n,  n',  n",  various  nuclei  within  it;  V.o,., 
descending  root  of  fifth  nerve;  s.g.,  substantia  gelatinosa ;  s.n.,  superior  olive; 
VII.,  issuing  root  of  facial  nerve;  n.VII.,  its  nucleus;  VI,,  root-bundles  of  sixth 
nerve  ;  pij,  jjyramid  bundles  ;  n.p.,  nuclei  pontis. 


of  the  two  sides.  The  fibres  of  the  trapezium  traverse  a  collection  of 
nerve-cells  which  lies  mesial  and  ventral  to  the  superior  olivary 
nucleus,  and  is  known  as  the  nucleus  of  the  trapezium  (fig.  538,  n.tr.). 

This  nucleus  is  characterised  by  the  peculiar  chalice-like  synapses  (see 
fig.  207)  which  the  entering  axons  of  the  larger  acoustic  fibres  form  with 
the  cell-bodies  (Held).    According  to  Cajal  these  large  fibres  are  continued 
'  directly  from  the  root-fibres  of  the  cochlear  nerve  and  are  not  derived  from 
the  cells  of  its  accessory  nucleus. 
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The  olivary  nucleus  is  no  longer  seen,  but  there  are  one  or  two 
small  collections  of  grey  matter,  more  conspicuous  in  some  animals 
than  in  man,  which  lie  in  the  ventral  part  of  the  reticular  formation,  and 
are  known  as  the  superior  olivary  nucleus  (o.s.),  the  pre-olivary  vucleus,  and 
the  semilunar  micleus  (Cajal).  All  these,  as  well  as  the  nucleus  of  the 
trapezium  itself,  are  connected  with  the  fibres  of  the  trapezium  which 
form  the  central  auditory  path,  some  of  these  fibres  either  ending  in 
the  nuclei  in  question  or  giving  off  to  .them  numerous  collaterals ; 
whilst  from  the  cells  of  the  nuclei  axons  pass  into  the  trapezium  or 
into  the  adjacent  lateral  part  of  the  fillet.  On  the  other  hand,  the 
superior  olive  is  said  to  receive  fibres  from  the  posterior  colliculi 
of  the  corpora  quadrigemina.  The  nucleus  of  Deiters,  which  begins  to 
appear  in  the  upper  part  of  the  medulla  oblongata,  where  it  has 
been  already  studied  (p.  444),  extends  into  the  pons  Varolii,  where 
it  lies  near  the  floor  of  the  fourth  ventricle,  a  little  mesial  to  the  resti- 
form  body  (D,  fig.  540).  The  nerve-fibres  connected  with  its  cells  pass 
towards  the  middle  line  and  enter  the  posterior  longitudinal  bundle. 
Here,  as  already  stated,  they  divide,  one  branch  passing  upwards  in 
the  bundle  and  terminating  by  arborescence  chiefly  in  the  opposite 
oculomotor  nucleus :  the  other  branch  extending  downwards  in  the 
medulla  oblongata  and  cord.  In  the  spinal  cord  they  are  found  in 
the  antero-lateral  descending  tract ;  fibres  from  each  nucleus  of 
Deiters  occur  in  both  of  these  tracts  (E.  H.  Fraser).  They  terminate 
by  arborescence  in  the  anterior  horn  of  the  spinal  cord. 

The  nerves  which  enter  or  emerge  from  the  grey  matter  of  this  region 
of  the  brain  are  part  of  the  eighth,  the  seventh,  the  sixth,  and  somewhat 
higher  up  the  fifth  cranial  nerves.  Of  these  the  eighth  (already 
considered)  and  fifth  are  connected  with  groups  of  nerve-cells  which 
occupy  the  grey  matter  opposite  the  external  border  of  the  floor  of 
the  ventricle  ;  the  sixth  with  a  nucleus  which  is  also  placed  in  the 
grey  matter  of  the  floor  of  the  ventricle  but  nearer  the  middl-e  line, 
and  the  seventh  with  a  special  nucleus  which  lies  in  the  formatio 
reticularis. 

The  Vllth  or  facial  nerve  and  the  nerve  of  Wrisberg  (pars 
intermedia). — The  motor  fibres  of  the  seventh  nerve  arise  from  the  facial 
nucleus  (in  the  formatio  reticularis)  which  is  homologous  with 
the  nucleus  ambiguus  seen  in  sections  of  the  medulla  oblongata.  It  has 
been  shown  that  the  motor  fibres  to  the  stapedius  arise  from  the  mesial 
part  of  the  nucleus  and  then  in  succession  those  of  the  external  ear 
muscles,  those  of  the  mouth  and  face,  and,  finally,  from  a  group  of  cells 
situated  dorsally  to  the  rest,  the  motor  fibres  supplied  by  the  superior 
branch  of  the  nerve  (Marinesco,  Van  Gehuchten).    From  the  nucleus  of 
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origin  the  fibres' first  pass  obliquely  backwcards  to  the  floor  ,  of  the 
ventricle,  then  longitudinally  upwards  for  a  short  distance  (figs.  534,  A, 
541),  and  finally  bend  obliquely  forwards  and  downwards  to  emerge 
between  the  transverse  fibres  at  the  side  of  the  pons.  None  of  its 
fibres  are  derived  from  the  nucleus  of  the  sixth,  as  has  sometimes  been 
supposed.  As  it  curves  over  this  nucleus  it  gives  off  a  bundle  of 
fine  fibres  which  cross  the  raphe,  but  their  destination  is  unknown. 
The  nucleus  of  the  facial  receives  collaterals  from  the  adjacent  sensory 
tracts  in  the  forraatio  reticularis. 


Fig.  .511.— Plan  (transvkesk)  op  the  origin  of  the  sixth  and  seventh 

NERVES. 

VI.,  sixth  norve^  VII.,  seventh  nerve,  a.  VI I.,  ascending  j^art  of  root  of  seventh  shown 
cut  across  near  the  floor  of  the  fourth  ventricle:  g,  genu  of  seventh;  n.VI.,  chief 
nucleus  of  tlie  sixth  nei-ve ;  n'VI.,  accessory  nucleus  of  sixth;  n.VlL,  micleus  of 
seventh:  d.V.,  descending  root  of  fifth;  ?))/!•,  ijyi-amid  bundles;  VIII.v.,  vestibular 
root  of  eighth  nei^ve. 

The  facial  is  not  a  purely  motor  nerve,  but  has  a  ganglion  upon  it  of 
tthe  spinal  type  {geniculate  ganglion)  from  which  fibres  arise  (fig.  534,  B) 
'which  pass  centrally  into  the  pars  intermedia  of  Wrisberg,  which  enters 
tthe  pons  between  the  seventh  and  eighth  nerves,  and  the  fibres  of  which 
I  bifurcate  into  ascending  and  descending  branches  like  other  sensory 
merves ;  the  descending  branches  pass  into  the  solitary  bundle  and  end 
Hike  those  of  the  glossopharyngeal  in  the  upper  part  of  its  accompany 
iing  grey  matter.  The  peripheral  axons  of  the  cells  of  the  geniculate 
^ganglion  pass  into  the  largo  superficial  petrosal  and  chorda  tympani — 
tto  which  they  probably  furnish  gustatory  fibres.  Other  (efferent)  fibres 
ipass  into  the  pars  intermedia  and  ultimately  into  the  chorda  tympani 
Ifrom  certain  large  cells  which  occur  in  the  dorsal  part  of  the  facial 
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nucleus.  These  are  probably  the  salivary  and  vasodilator  fibres  of  the 
chorda. 

The  Vlth  nerve  (abducens). — The  fibres  of  the  sixth  nerve  (figs.  534, 
541),  which  are  purely  motor,  pass  out  from  the  mesial  aspect  of  the 
nucleus  and  turn  forwards  ;  traversing  the  pyramid  bundles  they 
emerge  at  the  lower  margin  of  the  pons.  A  few  fibres  are  derived  from 
a  small  ventral  nucleus  lying  near  the  nucleus  of  the  facial ;  these  run  at 
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Fig.  542.— Section  across  the  middle  of  the  pons  vaeolii.  Magnified 

about  4  diameters. 

first  backwards  and  then  turn  forwards  to  join  the  others  (Van 
Gehuchten)  (fig.  541,  7i'  VI). 

The  Vth  or  trigeminal  nerve  emerges  at  the  side  of  the  pons  in  two 
roots,  a  smaller  motor  and  a  larger  sensory. 

The  motor  root  is  derived  partly  from  fibres  which  arise  in  the  upper 
part  of  the  pons  and  lower  part  of  the  mesencephalon  from  large 
spherical  unipolar  nerve-cells  lying  at  the  side  of  the  grey  matter 
bounding  the  Sylvian  aqueduct  (nccessori/  or  superior  motor  nucleus  of 
fifth,  fig.  534,  nVms;  fig.  543,  mIn.V.),  partly  from  the  motor  nucleus 
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propel-  (figs.  534,  nFm;  543,  mn.F.)  which  lies  in  the  grey  matter  at 
the  lateral  edge  of  the  fourth  ventricle  (fig.  542).  As  they  pass  the 
motor  nucleus  proper  the  fibres  from  the  superior  or  accessory  nucleus 
o-ive  off"  into  it  a  large  number  of  collaterals  which  ramify  between  and 
around  its  cells. 

The  fibres  of  the  sensory  root  are  derived  from  the  cells  of  the 
Gasserian  ganglion  which  are  homologous  with  the  cells  of  the  spinal 


Fig.  543. — Plan  of  the  origin  of  the  fibres  of  the  fifth  nerve. 

Q,  Gasserian  ganglion;  a,  6,  c,  three  divisions  of  the  nerve;  m'.n.V.,  superior  motor 
nucleus;  m.n.V.,  principal  motor  nucleus;  p.s.ii.V.,  principal  sensory  nucleus; 
d.s.n.V.,  descending  sensoi-y  nucleus;  d.s.V.,  descending  root;  c.V.,  c'.V.,  central 
sensory  tracts  composed  of  fibres  emanating  from  the  sensory  nuclei ;  plane  of 
the  raphe. 

ganglia.  These  fibres  of  the  sensory  root  when  traced  into  the  pons 
are  found  to  bifurcate,  the  ascending  branches  ending  in  a  mass  of 
grey  matter  {principal  sensory  mideus  of  the  fifth,  fig.  543,  p.s.n.V.) 
lying  just  lateral  to  the  motor  nucleus,  while  the  descending 
branches  trend  downwards  into  the  medulla  oblongata  where  they  form 
the  descending  or  spinal  root  of  the  fifth  (fig.  543,  d.s.V.);  some 
even  reach  the  upper  part  of  the  spinal  cord.  They  lie  immediately 
lateral  to  and  in  close  connection  with  the  substantia  gelatinosa  Rolandi 
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which  forms  the  inferior  sensory  nucleus  (d.s.n.F.),  and  which  is  con- 
tinued above  into  the  principal  nucleus.  The  substantia  gelatinosa 
which  forms  the  sensory  nucleus  of  the  fifth  contains  numerous 
nerve-cells,  both  small  and  large  ;  many  of  the  small  cells  are  grouped 
into  nest-like  clusters  {islands  of  Calleju).  The  axons  of  the  larger  cells 
pass  for  the  most  part  across  the  raphe  to  the  formatio  reticularis  of 
the  opposite  side,  Avhere  they  reinforce  the  ascending  fibres  of  the 
intermediate  fillet,  but  some  ascend  in  the  fillet  of  the  same  side,  and 
others  pass  to  a  special  ascending  bundle  of  fibres  on  the  opposite  side  of 
the  raphe  which  lies  nearer  the  fioor  of  the  fourth  ventricle,  and  in  the 
tegmentum  of  the  mid-brain  lies  lateral  to  the  posterior  longitudinal 
bundle ;  hence  it  is  continued  upwards  into  the  thalamus.  Collaterals 
are  given  off  from  these  ascending  fibres  to  the  adjoining  grey  matter, 
and  especially  to  the  nucleus  of  the  facial  nerve.  Branches  also  pass 
downwards  in  the  formatio  reticularis. 

Descending  tracts  in  the  pons  and  medulla  oblongata. — Besides  the 
fibres  of  the  iiyramids,  which  are  much  more  numerous  in  the  pons 
than  in  the  medulla  oblongata,  and  which  send  numerous  collaterals 
into  the  grey  matter  of  the  nuclei  pontis,  there  are  several  other 
descending  tracts  of  fibres  in  the  pons  and  medulla  oblongata.  One  of 
these,  which  lies  mesial  to  the  fillet  (see  next  page)  consists  of  fibres 
{cortico-bulbar)  passing  from  the  motor  cortex  towards  the  nuclei  of  the 
facial  and  hypoglossal.  In  the  crusta  of  the  mid-brain  these  fibres  lie 
mesial  to  the  ordinary  pyramid  fibres,  but  they  then  leave  the  latter 
and  pass  into  the  ventral  part  of  the  tegmentum  and  are  continued  down- 
wards in  the  formatio  reticularis  into  the  medulla  oblongata.  Another 
bundle,  consisting  of  both  ascending  and  descending  fibres  (vestibulo- 
motor),  is  very  distinct,  just  ventral  to  the  grey  matter  of  the  floor  of 
the  fourth  ventricle,  near  the  middle  line  ;  this  is  the  dorsal  or  imlerior 
longitudinal  bundle.  As  already  noticed  it  connects  Deiters'  nucleus 
with  the  oculomotor  nucleus,  the  nucleus  of  the  sixth,  and  the  anterior 
horn  cells  of  the  spinal  cord ;  it  probably  also  receives  fibres  from  the 
axons  of  the  large  cells  of  the  formatio  reticularis. 

Other  descending  tracts  in  the  pons  which  are  not  so  distinctly 
marked  in  the  normal  condition,  but  which  can  be  traced  by  the 
methods  of  Waller  and  Flechsig,  are : — 1.  Monakow's  bundle;  2.  The 
anterior  longitudinal  bundle ;  3.  The  ponto-spinal  lateral  tract ;  4.  The 
vestibulospinal  tract ;  5.  The  central  tract  of  the  tegmentum. 

Monakovfs  bundle  or  the  rubrospinal  tract  has  alreadj''  been  seen  as 
the  prepyramidal  tract  of  the  spinal  cord  (p.  417).  Its  fibres  arise 
from  the  cells  of  the  red  nucleus  of  the  mid-brain  of  the  opposite 
side,  crossing  the  raphe  in  Forel's  decussation  (p.  461,  footnote). 
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In  the  upper  part  of  the  pons  it  is  dorsal  to  the  mesial  fillet,  but 
lower  down  runs  in  the  lateral  part  of  the  tegmentum,  dorsal  to  the 
lateral  fillet. 

The  anterior  longitudinal  bundle  (tectospinal  tract)  consists  of  fibres 
which  arise  in  the  opposite  superior,  quadrigeminal  body,  these  cross 
the  raphe  in  Meynert's  decussation  (p.  461),  and  run  down  ventral  to 
the  posterior  longitudinal  bundle,  giving  off  collaterals  to  the  oculo- 
motor nuclei  and  the  nuclei  of  the  fourth  and  sixth  nerves  as  they 
descend.  Its  fibres  eventually  mix  Avith  those  of  the  posterior 
longitudinal  bundle,  and  pass  into  the  anterior  column  of  the  cord, 
joining  the  antero-lateral  descending  tract  (p.  417). 

The  ponto-spinal  lateral  tract  is  formed  of  fibres  which  arise  from  the 
large  cells  of  the  reticular  formation,  and  run  down  within  the  lateral 
area  of  this  formation  in  the  pons  and  medulla  oblongata  to  reach  the 
part  of  the  lateral  column  of  the  cord  which  lies  between  the  grey 
matter  and  the  tracts  of  Monakow  and  Gowers.  It  is,  however,  mixed 
here  with  many  fibres  of  diff"erent  origin.  The  destination  of  its  fibres 
is  similar  to  those  of  the  posterior  and  anterior  longitudinal  bundles, 
viz. :  the  adjacent  grey  matter  of  the  anterior  horn. 

The  vestibulospinal  tract  is  composed  of  fibres  derived  from  the  cells 
of  the  nuclei  of  Deiters  and  Bechterew,  and  is  therefore  similar  in  its 
origin  to  the  fibres  of  the  posterior  longitudinal  bundle.  The  destina- 
tion is  in  part  also  similar,  for  the  fibres  pass  below  into  the  anterior 
root  zone  of  the  cord  and  end  in  the  grey  matter  of  the  anterior  horn, 
but  in  their  course  downwards  they  lie  in  the  lateral  part  of  the  medulla 
oblongata  mixed  up  with  those  of  Monakow's  tract  and  the  ponto-spinal 
tract,  as  well  as  with  the  ascending  fibres  of  Gowers'  tract. 

The  central  tract  of  the  tegmentum  (Bechterew)  runs  in  the  pons 
exactly  in  the  middle  of  the  reticular  formation  of  the  tegmentum,  but 
in  the  medulla  oblongata  it  lies  more  ventrally  near  the  olivary 
nucleus,  beyond  which  it  has  not  been  traced.  The  origin  of  its 
fibres  is  not  certainly  known,  but  appears  to  be  the  thalamus;  their 
destination  is  the  olivary  body  of  the  same  side  (see  p.  435,  thalamo- 
olivary  tract). 

Ascending  tracts  in  the  pons  and  medulla  oblongata. — In  the 
ventral  part  of  the  reticular  formation  is  a  very  well-marked  tract  of 
fibres  somewhat  flattened  (narrow  in  section)  from  above  down  in  the 
pons ;  this  is  the  tract  of  the  fillet.  Its  fibres  are  partly  derived  from 
cells  in  the  nuclei  of  the  opposite  fasciculus  gracilis  and  fasciculus 
cuiieatus  of  the  medulla  oblongata  which  have  crossed  the  raphe  as 
internal  arcuate  fibres ;  partly  from  cells  in  the  nuclei  which  are 
connected  with  the  terminations  of  the  sensory  cranial  nerves. 
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Fig.  544.— Diagram  of  sensory  path  to  mid-brain  and  thalamus. 
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In  the  mid-brain  the  fillet  splits  up  into  two  distinct  bundles  of  fibres 
termed  respectively  the  lateral  or  lotuer  and  the  intermediate  or  upper  fillet. 
The  fibres  of  the  lower  fillet  are  seen  at  the  side  of  the  mesencephalon 
(fillet  of  Beil),  and  ai-e  traceable  partly  to  the  grey  matter  of  the 
inferior  corpora  quadrigemina  (fig.  551),  partly  to  the  mesial  geniculate 


root  bundle  of  IVth 
acc.  motor  root  of  Vth 

sup.  oerebell.  ped, 


part  of  lateral  fillet 
post.  long,  bundle 
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intei-mediate  fillet 


substantia  nigra 
central  nucleus' 


crusta  or  pes 
pedunculi  * 


Isreaking  up  of  crusta  intrN\ 
pyramid  bundles 


Fig.  545. — Transverse  section  through  the  upper  part  op  the  pons. 


body,  in  both  of  which  they  terminate  ;  they  are  derived  from  the 
sensory  nuclei  of  the  medulla  oblongata  and  pons  (mainly  from  the 
acoustic  nuclei).  Those  of  the  upper  fillet  go  to  the  thalamus  (fig. 
555) ;  they  are  chiefly  the  fibres  from  the  cells  of  the  opposite  posterior 
columns  of  the  medulla  oblongata. 

Besides  the  ascending  fibres  of  the  tract  of  the  fillet,  this  bundle 
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includes  a  certain  number  which  degenerate  below  a  section  of  the  tract 
and  are  therefore  descending  (centrifugal) :  their  cells  of  origin  appear 
to  lie  in  the  thalamus  ;  the  fibres  themselves  are  situated  mesial  to  the 
true  fillet  of  which  they  were  formerly  considered  to  be  a  part  (being 
termed  "  mesial  "  fillet) :  they  form  a  thalamo-hulhar  trad.  Mesial  to  the 
tract  just  mentioned  is  a  bundle,  also  consisting  of  descending  fibres 
belonging  to  the  system  of  the  pyramid-tract,  and  containing  fibres 
which  eventually  come  into  relation  with  certain  of  the  cranial  motor 
nuclei  (Hoche).  This  constitutes  the  miko-hulbar  trad  (see  page  452). 
In  the  crusta  it  lies  dorso-lateral  to  the  other  pyramid-tract  fibres. 


Fig.  546. — Diagram  to  show  the  mode  of  passage  oi'  the  fibres  of  the 

DORSAL  AND  VENTRAL  SPINO-CKREBELLAR  TRACTS  RESPECTIVELY  INTO  THE 
CEREBELLAR  VERMIS.     (F.  "\V.  Mott.) 

p.c.q.,  posterior  corpora  quadrigemina ;  s.  v.,  superior  vermis  of  cerebellum  ;  d.a.c,  dorsal 
ascending  cerel.iollai"  tract  ;  v. ax.,  ventral  ascending  cerebellar  tract. 

Many  of  the  fibres  which  continue  the  sensor}-  path  of  the  cranial 
nerves  upwards  lie  in  the  formatio  reticularis  (tegmentum),  somewhat 
dorsal  to  the  tract  of  the  fillet,  forming  a  homologous 'but  not  clearly 
defined  tract,  which  runs  up  through  the  pons  and  mid-brain  to 
terminate  in  the  subthalamic  region  and  in  the  optic  thalamus  (central 
trad  of  the  sensory  amiial  nerves).  Another  ascending  tract  is  the  special 
bundle  of  fibres  from  the  sensory  nucleus  of  the  5th  to  the  thalamus 
previously  referred  to  (p.  452). 

At  the  upper  part  of  the  pons  (fig.  545)  the  fourth  ventricle  narrows 
gradually  towards  the  Sylvian  aqueduct,  and  above  and  on  either 
side  of  it  two  considerable  masses  of  longitudinal  white  fibres  make 
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their  appearance.  These  are  the  superior  2^eduncles  of  the  cerebellum, 
and  they  tend,  as  they  pass  forwards,  gradually  to  approach  the 


Fig.  547.— The  coepoka  quadhigemina  and  kjsighbouhi.ng  pakts  of  the 
BEAIN.    (Edinger  from  G.  Retzius.) 
Brack,  ant.  cerebelli,  the  superior  cerebellar  peduncles,  between  them  the  anterior  medul- 
lai-y  velum  partl3'  covered  by  the  lingula ;  Tr.  spino-cereb.  ventr.,  tract  of  Gowers 
curving- round  the  peduncle;  leninisats,  the  lateral  fiUot ;  N.  trochl..  4th  nerve; 
N.  v.,  oth  nerve. 


A  B 


Fig.  548. — Section  through  the  okigix  op  the  fourth  nerve.  (Schwalbe.) 

A,  transverse  section  at  the  xjlace  of  emergence  of  the  nerve-fibres.  B,  oblique  section 
carried  along  the  course  of  the  bundles  from  the  nucleus  of  origin  to  the  place  of 
emergence.  Ar/,  Sylvian  aqueduct,  with  its  surrounding  grey  matter  ;  IV,  the  nerve- 
bundles  emerging;  /!■",  decussation  of  the  nerves  of  the  two  sides;  JV",  a  bundle 
passing  by  the  side  of  the  aqueduct  to  emerge  a  little  lower  down  ;  n.IV,  nucleus  of 
the  fourth  nerve  ;  I,  Uiteral  fillet ;  s.c.p. ,  superior  cerebellar  ijoduncle  ;  s.m.  V. ,  superior 
motor  root  of  the  fifth  nerve  ;  pi,  posterior  longitudinal  bundle  ;  r,  raphe. 


middle  line  ;  across  which,  immediately  below  and  in  the  region  of 
the  posterior  colliculi  of  the  corpora  quadrigemina,  they  pass, 
decussating  with  one  another,  to  enter  the  forraatio  reticularis  of  the 
opposite  side. 
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The  fibres  of  the  superior  cerebellar  peduncles  for  the  most  part  take 
origin  in  the  cerebellum,  emerging  from  its  dentate  nucleus,  from  the 
cells  of  which  they  are  derived.  They  cross  the  raphe  in  the  mid-brain 
and  terminate  in  the  red  nucleus  of  the  (opposite)  tegmentum  ;  but  some 
of  them  give  off  a  descending  branch  within  the  peduncle  after  crossing  : 
its  destination  is  not  known. 

The  antero-lateral  ascending  trad  of  the  spinal  cord  (p.  419)  is  con- 
tinued up  in  the  lateral  column  of  the  medulla  oblongata  dorso-lateral 
to  the  olive  and  through  the  ventral  part  of  the  pons  Varolii  lateral  to 
the  pyramid  bundles,  but  at  about  the  level  of  the  exit  of  the  fifth 
nerve  many  of  its  fibres  begin  to  pass  obliquely  towards  the  dorso- 
lateral part  of  the  pons  (fig.  546),  where  the  superior  cerebellar 
peduncle  is  emerging  from  the  cerebellar  hemisphere.  The  tract  in 
question  {anterior  or  ventral  sjyino-cerebellar  tract)  now  curves  over  the 
lateral  aspect  of  this  peduncle  (fig.  547,  tr.  spino-cereb.  ventr.),  and  then 
takes  a  sharp  backward  turn,  passing  over  its  dorsal  aspect  to  enter 
the  middle  lobe  of  the  cerebellum  in  the  superior  medullary  velum. 

THE   MID-BRAIN  OR  MESENCEPHALON, 

In  sections  across  the  mesencephalon  (figs.  549,  550,  552)  the 
upward  continuity  of  the  parts  which  have  already  been  described  in 
the  lower  nerve-centres  can  still  in  great  measure  be  traced. 

The  Sylvian  aqueduct  (fig.  550,  Sij),  with  its  lining  of  ciliated 
epithelium,  represents  the  central  canal  of  the  cord  and  the  fourth 
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Fig.  549.— Outline  of  two  sectioxs  across  the  mesencephalon. 

Natural  size. 

A  througli  the  middle  of  the  inferior  corpora  quadrigemina.  B,  through  the  region  of 
'  the  superior  corpora  quacMgemina.  cr,  crusta ;  s.n.,  substantia  nigi-a;  t,  teg- 
mentum; s,  Sylvian  aqueduct,  with  its  surrounding  grey  matter;  c.q.,  grey  matter 
of  the  coriJora  quadrigemina  :  l.g.,  lateral  groove  ;  posterior  longitudinal  bundle  ; 
d  V  superior  root  of  the  fifth  nerve;  s.c.p.,  suijerior  cerebellar  peduncle;/,  lateral 
fillet;  ///.,  third  nerve;  n.IIL.  its  nucleus,  'llie  dotted  circle  in  B  indicates  the 
situation  of  the  tegmental  or  red  nucleus. 

ventricle  of  the  medulla  oblongata.  In  the  grey  matter  which  sur- 
rounds it  {central  grey  matter)  there  is  seen  in  all  sections  of  the  region 
a  group  (column)  of  large  nerve-cells  {oculomotor  nucleus)  lying  ventrally 
on  each  side  of  the  middle  line,  close  to  the  reticular  formation.  From 
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the  lower  part  of  this  column  the  root-bundles  of  the  fourth  nerve  arise 
at  the  lower  part  of  the  mesencephalon  and  pass  obliquely  backwards 
and  downwards  around  the  central  grey  matter,  decussating  with 
those  of  the  opposite  side  to  emerge  just  above  the  pons  Varolii 
(figs.  545,  548).    Higher  up,  in  the  region  of  the  anterior  colliculi,  the 


Fig.  550. — Section  across  the  mid-beain  through  the  inferior  pair  of 
CORPORA  quadrigemina.  Magnified  about  3|  diameters.  From  a  plioto- 
graph. 

Sij.,  aqueduct  of  Sylvius;  c.gr.,  central  grey  matter  of  the  aqueduct;  n.III.IV.,  group 
of  cells  forming  part  of  the  conjoined  nucleus  of  the  third  and  fourth  nerves  ;  c.p.q., 
one  of  the  posterior  corpora  quadi-igemina ;  yr,  median  groove  separating  it  from 
that  of  the  opposite  side;  sir. I.,  stratum  lemnisci  (layer  of  the  fillet),  forming  its 
superficial  layer;  /,  upper  fillet;/',  lateral  fillet;  V,  accessory  motor  root  of  fifth 
nerve;  p.l.b.,  posterior  longitudinal  bundle;  f.r.i.,  foi-matio  reticularis  tegmeuti ; 
d,  d',  decussating  fibres  of  tegmenta  (fountain -decussations  of  Forel  and  Meynert); 
s.n.p.,  superior  cerebellar  peduncles,  decussating;  p.p.,  pes  pedunculi  (crusta) ;  s.n., 
substantia  nigra;  g.i-p.,  interpeduncular  ganglion. 

bundles  of  the  third  nerve  spring  from  a  continuation  of  the  same 
nucleus  (fig.  552,  n.IIL),  and  these  pass  forwards  and  downwards  with 
a  curved  course  through  the  reticular  formation,  to  emerge  at  the 
mesial  side  of  the  crusta.  According  to  Van  Gehuchten  some  of 
the  fibres  of  the  third  nerve  cross  the  middle  line  and  emerge  with 
the  nerve  of  the  opposite  side. 
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Tegmentum.— The  reticular  formation  of  the  pons  is  continued  up 
into  the  mesencephalon  and  is  here  known  as  the  iegmenium.  It  is 
composed  as  before  of  longitudinal  and  transvei'se  or  arcuate  bundles  of 
fibres  with  much  grey  matter  intermingled.  The  transverse  fibres 
include  the  decussating  fibres  of  the  superior  peduncles  of  the  cerehellura 
(s.c.p.),  which  are  derived  from  cells  in  the  dentate  nucleus  of  the 
cerebellum,  and  on  reaching  the  opposite  side  bifurcate.  Their  ascend- 
ing branches  become  gradually  lost  amongst  a  number  of  nerve-cells 
which  collectively  constitute  what  is  known  as  the  red  nucleus  or 
nucleus  of  the  tegmentum,  wliilst  the  descending  branches  turn  down- 
wards in  the  reticular  formation  (Cajal)  (see  p.  458).  But  some  of  the 
fibres  of  the  superior  peduncle  go  on  past  the  red  nucleus  to  the 
ventral  part  of  the  thalamus.  The  red  nucleus  also  receives  fibres 
in  its  lateral  aspect  which  are  derived  from  the  lenticular  nucleus  of 
the  corpus  striatum,  and  some  of  which  are  said  to  come  from  the 
cerebral  cortex ;  these  fibres  form  a  sort  of  capsule  to  the  red  nucleus 
before  entering  it. 

Tracts  in  the  tegmentum. — ^1.  Festibido-motor  tract;  posterior  longi- 
tudinal bundle. — This  is  well  marked  in  the  mid-brain,  and  gives  off" 
many  collaterals  and  terminal  fibres  to  the  oculomotor  nucleus  which 
is  immediately  dorsal  to  it.  The  bundle  largely  consists  of  nerve 
fibres  derived  from  the  cells  of  Deiters'  nucleus  (see  p.  444),  which 
on  reaching  the  situation  of  the  bundle  either  on  the  same  or  on  the 
opposite  side,  bifurcate,  one  branch  ascending,  the  other  descending. 
But  it  receives  fibres  from  other  sources  than  Deiters'  nucleus,  e.g. 
from  large  cells  of  the  sensory  nucleus  of  the  5th,  and  from  large  cells 
in  the  reticular  formation  of  the  medulla  oblongata,  pons,  and  mid- 
brain. All  these  fibres,  like  those  from  Deiters'  nucleus,  bifurcate  on 
joining  the  bundle,  one  branch  passing  upwards,  the  other  downwards. 
Some  fibres  of  the  bundle  are  of  diflferent  origin  from  the  rest,  arising 
beyond  the  oculomotor  nucleus.  These  are  very  fine ;  they  are 
descending  fibres,  and  are  ti-aceable  from  the  cells  of  the  nucleus  of 
the  posterior  longitudinal  bundle,  which  lies  in  front  of  the  Sylvian 
aqueduct  in  the  grey  matter  at  the  side  of  the  third  ventricle. 

Some  of  the  fibres  of  the  posterior  longitudinal  bundle  are  stated  to 
be  traceable  as  far  up  as  the  thalamus. 

The  bundle  gives  collaterals  not  only  to  the  oculomotor  nucleus  but 
also  to  the  nucleus  of  the  sixth,  and  probably  others  to  the  nuclei  of 
other  cranial  motor  nerves.  Its  descending  fibres  are  eventually 
continued  down  the  spinal  cord  in  the  antero-lateral  descending  tract, 
and  give  oft'  terminals  and  collaterals  to  the  anterior  horn. 

2.  Bubro-spinal  tract;  Monakoio's  bundle. — The  cells  of  the  red  nucleus 
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send  their  axons  downwards  and  forwards.  They  form  Monakow's 
bundle  or  the  rubro-spival  trad,  which  is  continued  below  into  the  pre- 
pyramidal  trad  of  the  spinal  cord. 

3.  Tedo-spinal  trad ;  anterior  longitudinal  bundle.— Other  longitudinal 
fibres  of  the  tegmentum  are  those  of  the  fasciculus  retrojiexus  of  Meynert 
lying  mesially  to  the  red  nucleus  and  passing  obliquely  downwards 
and  inwards  from  the  ganglion  of  the  habenula  to  the  interpeduncular 
ganglion  of  the  opposite  side,  and  the  bundle  of  Miinzer,  which  passes 
from  the  posterior  tubercle  downwards  into  the  lateral  part  of  the 
reticular  formation  of  the  pons.  But  the  longest  and  most  important  is 
the  anterior  or  ventral  longitudinal  bundle,  which  passes  lateral  to  the  red 
nucleus  and  partly  through  it.  Although  the  red  nucleus  receives 
many  collaterals  from  this  bundle  the  fibres  of  the  bundle  are  derived, 
according  to  Held  and  Cajal,  from  cells  in  the  grey  matter  of  the 
opposite  anterior  tubercle  of  the  corpora  quadrigemina ;  these  cells 
send  their  axons  sweeping  round  the  central  grey  matter  just  central 
to  the  posterior  longitudinal  bundle  to  cross  in  the  raphe,  where  they 
form  the  fountain-like  decussation  of  Meynert  (fig.  550,  d')}  The  down- 
ward continuation  of  the  tecto-spinal  tract  has  already  been  studied, 
but  it  should  be  stated  that  the  prolongation  of  its  fibres  into  the 
anterior  column  of  the  spinal  cord  is  denied  by  Van  Gehuchten,  who 
traces  them  only  as  far  as  the  medulla  oblongata. 

4.  Tract  of  the  fillet. — The  continuation  upwards  of  the  fillet  is  also 
apparent  in  this  part  of  the  brain.  Some  of  its  fibres  are  seen  passing 
in  an  oblique  manner  to  the  side  of  the  mesencephalon,  to  enter 
the  grey  matter  of  the  prominences  of  the  posterior  corpora 
quadrigemina. 

This  part  is  the  lateral  fillet  (see  p.  455),  which  is  formed  chiefly  by 

fibres  derived  from  the  accessory  auditory,  the  inferior  olivary,  and  the 

trapezoid  nuclei  of  the  opposite  side,  forming  the  central  acoustic  tract. 

Its  fibres  send  numerous  collaterals  to  the  posterior  tubercle  (fig.  651) 

and  a  few  to  the  anterior,  and  end  by  ramifying  amongst  the  cells  of 

the  mesial  geniculate  body  (Cajal).    In  its  course  it  traverses  the 

nucleus  of 'the  fillet,  which  consists  of  cells  interpolated  amongst  its 

fibres  (the  greater  number  in  the  lower  part  iiear  the  superior  olive), 

amongst  which  some  of  the  fibres  and  many  collaterals  from  them  end. 

The  axons  of  these  cells  trend  inwards  towards  the  raphe.    The  upjjer 

fillet  is  continued  upwards  in  the  ventral  part  of  the  tegmentum  towards 

the  thalamus  (p.  467). 

'  This  is  not  to  be  confounded  with  the  fountain-like  decussation  of  Forel  (fig. 
.550,  d),  which  lies  nearer  the  ventral  part  of  the  tegmentum,  and  is  partlj^  formed 
l)y  the  intercrossing  of  Monakow's  l)undlc  and  partly  by  v.  Gudden's  bundle 
coming  from  the  corpora  mamillaria  to  end  in  the  tegmentum. 
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Crusta.— Lateral  and  ventral  to  the  tegmentum  is  seen  on  either  side 
the  white  mass  known  as  the  crusta  or  pes  pedunciili  (figs.  549,  cr.,  550, 
552,  p.2).).  This  is  formed  by  longitudinally  coursing  bundles  of 'fibres 
lying  on  the  ventral  aspect  of  each  half  of  the  mesencephalon,  and 
diverging  above  into  the  internal  capsule  of  the  cerebral  hemisphere. 

The  fibres  of  the  crusta  are  continued  below  into  the  .so-called 
"pyramid  bundles"  of  the  pons— which  contain,  as  we  have  seen, 
many  more  fibres  than  those  of  the  pyramid-tract.  This  is  also  the 
case  with  the  bundles  of  the  crusta,  in  which  the  pyramid-tract 
proper— composed  of  fibres  emanating  from  the  precentral  and  para- 
central gyri— is  confined  to  the  middle  three-fifths  (which,  however, 
includes  many  cortico-pontine  fibres),  whilst  the  mesial  fifth  is  mainly 
occupied  by  fibres  passing  from  the  lower  frontal  region  to  the  pon.s, 
carrying  impulses  to  the  nuclei  of  the  facial  and  hypoglossal ;  and  the 
lateral  fifth  by  fibres  the  origin  and  functions  of  which  are  not  certainly 
known.  But  it  is  probable  that  these  last  are  connected  with  the 
regions  of  the  hemisphere  behind  the  Rolandic  fissure,  especially, 
perhaps,  with  the  temporal  and  occipital  regions ;  and  are  passing  from 
the  pyramidal  cells  of  these  parts  to  end  in  the  nuclei  of  the  pons. 

Substantia  nigra. — The  crusta  is  separated  from  the  tegmentum  by 
a  layer  of  grey  matter  containing  a  number  of  very  deeply  pigmented 
nerve  cells  {substantia  nigra;  figs.  550,  552,  s.n.).  The  substantia  nigra 
receives  many  collaterals  from  the  adjacent  pyramid  bundles  of  the 
crusta.  The  crusta  and  tegmentum,  together  with  the  intervening 
substantia  nigra,  constitute  the  cerebral  peduncle  {j)es  or  crus  cerebri). 

Interpeduncular  ganglion. — Between  the  cerebral  peduncles,  just 
where  they  diverge  from  the  iiiass  of  transverse  fibres  of  the  pons,  is 
seen  close  to  the  ventral  surface  of  the  brain  a  small  mass  of  grey 
matter  containing  a  large  number  of  small  nerve-cells  with  large  and 
irregular  dendrons,  and  axons  which  are  directed  dorsally  into  the 
tegmentum.  This  is  the  interpeduncular  ganglion  (fig.  550,  g.i.p.).  It 
receives  on  either  side  the  ending  of  the  fascicidus  retroflexus  of  Meynert 
which  comes  from  the  ganglion  of  the  habenula,  a  collection  of  nerve 
cells  near  the  superior  and  mesial  part  of  the  thalamus,  close  to  the 
commencement  of  the  third  ventricle  (see  fig.  558).  These  ganglia  are 
both  much  better  marked  in  many  of  the  lower  animals  than  in  man. 

Corpora  quadrigemina. — The  prominences  {colliculi  or  tubercles)  of 
the  corpora  quadrigemina  are  formed  mainly  of  grey  matter. 
Connected  with  each  one  is  a  bundle  of  white  fibres  forming  the 
brachia  of  the  geniculate  bodies. 

The  posterior  or  inferior  colliculi  consist  of  a  grey  centre  which  is  en- 
closed by  superficial  and  deep  white  layers  (figs.  550,  551).   The  superficial 
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white  layer  is  derived  mainly  from  the  brachiuru.  The  fibres  of  the 
fillet  divide  as  they  approach  the  colliculus ;  one  branch  enters  its 
grey  matter  while  the  other  passes  to  the  mesial  geniculate  body. 
In  animals  with  a  highly  developed  sense  of  hearing  all  these  parts  are 
proportionately  Avell-developed.  The  deep  white  layer  is  derived  from 
cells  of  the  grey  centre,  but  many  of  the  cells  of  the  latter  send  their 
axons  towards-  the  superficial  layer.    The  destination  of  the  fibres  of 


Fig.  551. — Diagram  showing  the  general  structure  of  the  posterior 

CORPORA  QOADRIGEMINA.  (Cajal.) 

A,  principal  mass  of  grey  matter ;  B,  C,  cortical  layer ;  D,  grey  matter  around  Sylvian 
aqueduct;  K,  decussation  of  superior  peduncles  of  cerebellum;  a,  b,  c,  d,  fibres  of 
central  acoustic  path  from  lateral  fillet ;  'e,  axons  from  cells  of  jjrincipal  nucleus 
passing  towards  brachium ;  /,  fibres  from  brachium  passing  into  suijerficial  layer ; 
g,  fibres  from  fillet  passing  into  superficial  layer  ;  li,  a  fibre  of  fillet  passing  to  central 
grey  matter  of  aqueduct ;  j,  collaterals  from  posterior  longitudinal  bundle  passing 
to  oculo-motor  nucleus ;  I,  .axons  of  cells  in  superomesial  part  of  colliculus  curving 
round  grey  matter  of  aqueduct  and  forming  the  deep  white  layer. 

the  deep  white  layer  is  not  certainly  known  ;  some  pass  over  the 
central  grey  matter  of  the  aqueduct  to  the  opposite  side. 

In  the  anterior  or  superior  colliculi  four  layers  can  be  distinguished, 
viz. :  superficially,  a  thin  lohite  layer  containing  nerve-fibres  and  a  few 
horizontally  disposed  nerve-cells  (fig.  553,  A) ;  next  to  this  a  grey  cap 

(B)  containing  many  and  various  nerve-cells,  amongst  which  the  termi- 
nations of  the  optic  nerve  {h,  li)  ramify  ;  below  this  the  optic  nerve  layer 

(C)  ,  which  is  formed  of  antero-posteriorly  running  fibres  derived  from 
the  optic  tract,  and  ending  as  just  stated  for  the  most  part  in  the  griey 
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layer.  This  layer  also  contains  some  nerve-cells.  Lastly  there  is  a 
deep  Avhite  layer,  the  so-called  deep  medulla,  of  transversely  disposed 
fibres  (D)  derived  partly  from  the  fillet,  but  comprising  many  fibres 
which  are  derived  from  the  cells  of  the  coUiculus  itself,  and  a  few  which 
are  continued  up  from  the  antero-lateral  ascending  tract  of  the  spinal 
cord.    This  deep  layer  also  contains  a  number  of  large  dendritic 


Fig.  552. — Section  across  the  mid-brain  through  the  superior  corpora 
QUADRIGEMINA.    Magnified  about  3^  diameters.    From  a  photograph. 

c.p.,  posterior  commissure  of  brain  ;  gl.pi.,  pineal  gland;  e.g. a.,  grey  matter  of  one  of 
superior  corpora  quadrigemiua ;  c.g.m.,  mesial  geniculate  body;  c.j/.i.,  lateral  geni- 
culate body;  tr.opt.,  optic  ti-act ;  p.p.  crusta  or  pes  pedunouli ;  p.l.b.,  posterior 
longitudinal  bundle ;  upper  fillet;  r.n.,  rod  nucleus;  ///.,  issuing  fibres  of  third 
nerve;  n.IIl.,  its  nucleus;  L.p.p.,  locus  perforatus  posticus ;  Sy,  Sylvian  aqueduct. 

cells  amongst  the  fibres.  The  superior  corpora  quadrigemiua  receive 
through  their  brachia  many  of  the  fibres  of  the  optic  tract,  which 
in  mammals  enter  the  grey  matter  at  the  middle  of  its  thickness  and 
traverse  it  from  before  back,  so  that  in  transverse  sections  of  the  mid- 
brain they  appear  cut  across.  In  birds  they  form  a  superficial  white 
stratum  covering  the  grey  matter,  but  this  is  not  homologous  with  the 
superficial  stratum  of  mammals,  for  the  fibres  in  the  latter  are  not 


THE  MESENCEPHALON. 


465 


derived  directly  from  the  optic  tract.  The  optic  fibres  are  derived 
from,  nerve-cells  in  the  retina,  and  as  they  traverse  the  stratum  opticum 
they  pass  obliquely  into  the  grey  matter  (in  a  ventral  direction  in 
birds,  in  a  dorsal  direction  in  mammals)  and  end  in  arborisations 
amongst  its  cells.  The  cells  of  the  grey  matter  are  very  various  in 
form  and  size  (fig.  553).  Most  of  their  axis-cylinder  processes  pass 
ventralwards.  The  destination  of  all  is  not  certainly  known,  but 
many  appear  to  join  the  anterior  longitudinal  bundle  of  the  opposite 


Fig.  553. — Diagram  showing  the  characters  of  the  cells  in  the  grey 

MATTER  OP  THE  ANTERIOR  CORPORA  QUADRIGEMINA.  (Cajal.) 

M,  portion  of  dorsal  median  groove  ;  A,  superficial  white  layer ;  B,  grey  cap ;  C,  optic 
fibre  layer  (upper  grey-white  layer)  ;  S,  layer  of  the  fillet  (lower  grey- white  layer). 

a,  a',  marginal  nerve  cells:  their  axons  are  not  repi-eseuted ;  b,  6',  horizontal  spindle- 
shaped  cells  of  Golgi's  type  II.  ;  c,  c',  small  cells  with  much  branched  dendrons  and 
an  axon  extending  to  the  optic  fibre  layer ;  d,  e,  e',  sj)indle  and  stellate  cells  of  the 
grey  cap,  and  /,  f,  cells  of  the  stratum  opticum,  sending  their  axons  into  the 
stratum  lemnisci ;  ff,  g',  cells  of  the  stratum  lemnisci ;  h,,  h,  fibres  of  the  optic  nerve 
layer  ending  in  the  grey  and  superficial  white  layers. 

side.  Others  run  down  on  the  same  side  towards  the  pons  Varolii, 
intermingled  with  the  ascending  fibres  of  the  fillet.  A  certain  number 
of  fibres  which  take  origin  in  the  cells  of  the  anterior  colliculi  course 
over  the  central  grey  matter  which  surrounds  the  Sylvian  aqueduct 
and  sweep  round  this  towards  the  fillet-tract  of  the  opposite  side. 
These  commissural  fibres  are  continuous  in  front  with  those  of  the 
posterior  commissure. 

The  nerve-fibres  of  the  optic  nerve  and  optic  tract  do  not  all  enter 
the  corpora  quadrigemina.  Many,  indeed  the  majority,  pass  into  the 
lateral  geniculate  bodies  and  optic  thalami  to  form  arborisations  there 
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(fig.  557).    On  the  other  hand,  axons  from  the  cells  of  these  structures 
pass  to  the  cortex  of  the  brain  (occipital  region). 

As  has  just  been  stated,  many  arcuate  fibres  issue  from  the  grey 
matter  of  the  corpora  quadrigemina  and  pass  obliquely  downwards 
into  the  ventral  part  of  the  mesencephalon  encircling  the  central  grey 
matter.  These  fibres  intercross  in  the  raphe,  where  they  constitute 
the  fountain-decussation  of  Meynert  (p.  461),  and  after  crossing 
constitute  the  main  mass  of  the  anterior  longitudinal  bundles.  These 
are  continued  into  the  anterior  columns  of  the  spinal  cord ;  they  give 
off'  collaterals  to  the  motor-nuclei  of  the  eye-muscles,  and  probably 
to  the  motor  nuclei  generally.  Other  fibres  which  appear  to  belong 
to  the  same  (tectospinal)  system  are  traceable  as  a  distinct  tract  into 
the  latex'al  column  of  the  cord  (see  p.  417). 

In  the  cat,  the  anterior  corpora  quadrigemina  receive  a  number 
of  fibres  from  the  pyramid-tract  in  the  crusta  of  the  same  side,  a 
few  crossing  over  the  aqueduct  to  the  opposite  corpora  quadrigemina 
(Boyce,  Sutherland  Simpson).  But  in  most  animals  the  fibres  which 
pass  from  the  cortex  cerebri  to  the  corpora  quadrigemina  enter  those 
bodies  through  their  respective  brachia. 

No  fibres  are  given  off"  from  the  cells  of  the  corpora  quadrigemina 
to  the  cortex  cerebri. 

The  optic  nerves. — The  only  sensory  nerves  which  are  immediately 
connected  with  the  mid-brain  are  the  second  or  optic.  Their  origin  is 
from  the  large  nerve-cells  of  the  ganglion  of  the  retina  (p.  515). 
The  nerve  leaves  the  globe  of  the  eye  at  its  posterior  aspect,  passes 
through  the  optic  foramen  to  the  base  of  the  brain,  and  joins  the  nerve 
of  the  opposite  side  to  form  the  optic  chiasma  (fig.  557).  Of  the  fibres 
which  enter  the  chiasma,  those  from  the  inner  (or  nasal)  two-thirds 
of  the  retina  cross  to  the  optic  tract  of  the  opposite  side,  while  the 
remaining  third,  comprising  the  fibres  from  the  temporal  part  of  the 
retina,  pass  along  the  lateral  border  of  the  chiasma  to  the  tract  of 
the  same  side.  In  the  optic  tract  they  are  continued  to  the  parts  of 
the  brain  where  they  have  their  terminal  arborescences,  viz.,  the 
external  geniculate  body  and  the  adjoining  posterior  part  of  the 
thalamus  (pulvinar)  and  the  anterior  corpora  quadrigemina.  A  certam 
number  of  the  fibres  of  the  optic  nerve  bifurcate  on  reaching  the 
chiasma,  and  the  branches  pass  one  into  each  optic  tract  (Cajal). 

The  fibres  which  pass  to  the  anterior  corpora  quadrigemina  are  much  • 
finer  than  those  to  the  corpora  geniculata.    It  is  probable  that  the 
former  furnish  the  path  for  reflex  movements  of  the  pupil,  etc.,  and 
the  latter  the  path  for  visual  impressions,  since  the  lateral  corpora 
geniculata  and  pulvinar  thalami  are  directly  connected  with  the  visual 
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cortex  in  the  occipital  lobe,  while,  as  already  stated,  no  such  direct 
connection  obtains  between  that  cortex  and  the  anterior  corpora 
quadrigemina. 

A  small  bundle  of  fibres  {transverse  pedimcular  bundle)  leaves  the 
optic  tract  as  it  enters  the  mid-brain  and  passes  round  the  cerebral 
peduncle  to  lose  itself  in  the  mesial  part  of  the  tegmentum  near 
the  fillet.  Its  destination  appears  to  be  a  small  nucleus  situated 
near  the  red  nucleus.  Its  fibres  degenerate  after  enucleation  of  the 
opposite  eyeball. 

The  optic  tracts  and  chiasma  also  contain  the  fibres  of  v.  Gudden'^ 
commissure,  which  connects  the  posterior  coi-pora  quadrigemina,  but 
these  fibres  appear  to  have  no  relation  to  the  visual  function. 

There  are  present  in  the  optic  nerve  and  tract  a  few  fibres  which 
originate  in  the  nerve  centres — where  is  not  known — and  terminate 
in  the  retina. 

Motor  nerves. — The  motor  nerves  arising  from  the  mid-brain  are  the 
third  and  fourth.  The  position  of  their  nuclei  and  their  mode  of  exit 
have  been  already  described  (pp.  458,  459). 

Posterior  commissure. — Immediately  in  front  of  the  corpora  quadri- 
gemina, visible  in  the  roof  of  this  part  of  the  mid-brain,  is  th.Q  posterior 
commissure.  This  consists  of  fibres  which  arise  in  a  nucleus  at  each 
side  of  the  Sylvian  aqueduct  and  which  pass  across  the  middle  line 
dorsal  to  the  central  grey  matter  and  then  turn  ventralwards  and 
caudalwards  to  pass  down  in  the  tegmentum  lateral  to  the  posterior 
longitudinal  bundle,  which  is  partly  reinforced  by  the  fibres  in  question. 
The  posterior  com_missure  extends  into  the  region  of  the  third 
ventricle. 

THE  THALAMENCEPHALON. 

The  optic  thalamus  (fig.  554,  th.),  which  lies  at  the  side  of  the  third 
ventricle  and  forms  part  of  the  floor  of  the  lateral  ventricle,  is  covered 
externally  by  a  layer  of  white  fibres,  most  marked  next  to  the  internal 
capsule.  Fibres  from  the  latter  pass  into  the  thalamus  and  serve  to 
connect  it  with  the  hemisphere. 

The  grey  matter  of  the  thalamus  is  partially  subdivided  by  an 
oblique  white  lamina  into  a  smaller,  mesial  nucleus,  and  a  larger  lateral 
nucleus ;  these  contain  a  large  number  of  small  nerve-cells.  Anteriorly 
another  portion  of  grey  matter  {anterior  nucleus)  is  divided  off"  in  a 
similar  way;  this  contains  comparatively  large  nerve-cells.  These 
nuclei  are  themselves  formed  of  several  groups  of  cells  having  diff'erent 
connections,  many  of  which  still  require  elucidation. 

The  thalamus  receives  the  terminal  branches  of  the  fibres  of  the 
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upper  fillet,  continued  from  the  cells  of  the  opposite  nuclei  of  Goll  and 
Burdach  (spino-thakmic  tract),  of  the  central  path  of  the  fifth  cranial 
nerve  of  the  opposite  side,  and  some  fibres  from  the  superior  cerebellar 
peduncle  of  the  opposite  side ;  besides  the  fibres  of  the  optic  tract  which 
pass  to  the  external  geniculate  body  and  pulvinar  thalami. 

From  the  cells  of  the  thalamus  nerve-fibres  pass  in  every  direction 
into  the  white  matter  of  the  hemisphere,  and  eventually  to  the  cortex 


Fig.  554. — Hokizontal  section  through  the  optic  thalamus  .vnd  corpus 

STRIATUM.  Natural  size. 
V.I.,  lateral  ventricle,  its  anterior  cornu  ;  c.c,  corpus  callosum  ;  s.l.,  seiitum  lucidum ; 
a./.,  anterior  pillars  of  the  fornix;  v3,  third  ventricle;  th.,  thalamus  opticus; 
St.,  sti-ia  meduUaris ;  nc,  nc'.,  nucleus  caudatus,  and  nl.,  nucleus  Iciiticularis  of  the 
corpus  striatum  ;  i.e.,  internal  capsule  ;  ;/,  its  angle  or  genu  ;  nc'.,  tail  of  the  nucleus 
caudatus  appearing  in  the  descending  cornu  of  the  lateral  ventricle  ;  c.l.,  claustrum  ; 
/,  island  of  Reil. 

(figs.  520,  555).  From  the  outer  part  they  tend  especially  into  the 
occipital  region,  assisting  to  form  the  central  visual  tract  which  passes 
to  the  visual  cortex.  From  the  inner  and  deeper  part  they  converge 
towards  the  subthalamic  region  and  many  are  collected  into  the  ansa 
lenticularis  (see  p.  472),  by  which  they  pass  into  the  nucleus  lenticu- 
laris,  while  others,  as  already  stated,  enter  the  corona  radiata  and  thus 
reach  the  cortex  of  the  hemisphere.    These  fibres  from  the  thalamus  to 
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the  cortex  probably  form  the  third  and  last  link  in  the  chain  of  sensory 
neurones,  the  second  being  formed  by  the  neurones  of  the  fillet  and  the 
first  by  the  neurones  of  the  sensory  roots.  On  the  other  hand,  the 
thalamus  receives  fibres  from  the  cortex  and  from  the  corpus  striatum, 
which  end  amongst  its  cells. 

Attached  to  the  optic  thalamus  below  and  behind  are  the  mesial  and 
lateral  geniculate  bodies  (fig.  556)  which  at  first  sight  appear  to  be  both 


Fig.  555. — Diagram  of  the  connections  of  the  thalamus  with  the  ascend- 
ing FIBEES  OK  THE  5TH  NEEVE,  AND  OF  THE  UPPER  FILLET  ON  THE  ONE 
HAND,  AND  WITH  THE  COETEX  OEREBEI  ON  THE  OTHER.  (Cajal.) 

A,  B,  C,  D,  B,  vai-ious  nuclei  in  thalamus;  I,  afferent  fibres  passing  to  mamillary  body 
F  ;  G,  tract  of  upper  fillet  ending  in  A  (at  c),  and  giving  collaterals  to  D  (posterior 
nucleus);  H,  central  tract  from  sensory  nucleus  of  5tli;  T,  cortex  cerebri;  V,  visual 
cortex  ;  K,  anterior  colliculus  ;  J,  optic  cbiasma  ;  S,  optic  fibres  ;  K,  hippocampus. 

a,  fibres  from  cortex  to  thalamus,  ending  at  c ;  b,  fibres  from  cells  in  thalamus  (d)  to 
cortex  ; fibres  from  lateral  geniculate  body  and  thalamus  to  visual  cortex,  ending 
at  (J  in  stria  of  Gennari. 

connected  with  the  optic  tract,  although  only  the  outer  one  actually 
receives  optic  fibres.  The  inner  or  mesial  geniculate  body  receives 
fibres  from  the  central  auditory  tract  through  the  lateral  fillet.  Of 
the  geniculate  bodies  the  outer  or  lateral  has  a  lamellated  structure 
consisting  of  alternating  layers  of  grey  and  white  matter,  the  white 
layers  being  composed  partly  of  the  entering  optic  fibres  and  partly  of 
fibres  emerging  from  the  grey  matter  and  passing  to  the  central  optic 
path,  while  the  grey  substance  contains  very  numerous  nerve -cells 
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amongst  which  the  fibres  of  the  optic  tract  end  in  complex  arborisations. 
From  these  cells  axons  arise  and  join  a  bundle  of  fibres  which  enters 
the  white  matter  of  the  hemisphere  above  and  along  with  the  internal 
capsule,  and  passes  to  the  visual  area  of  the  cortex  (central  visual 
tract).    Some  of  the  fibres  from  the  corpus  geniculatum  laterale, 


Fig.  556.— Figure  showing  the  olfactory  tracts  and  their  roots:  the 
optic  chiasma  and  optic  tracts  :  the  genicul.vtk  bodies  and  the 
PULVINAR  THALAMi.  (Edinger.) 

Tlie  pons  is  cut  tlirougli  at  the  anterior  part,  and  tlie  section  shows  the  Sylvian  aqueduct, 
the  fillet  (lamina  luquearis),  superior  cerebellar  peduncles,  etc.  (see  fig.  54o).  The 
corpora  niamillaria  are  partly  concealed  by  the  pons;  between  and  in  front  of 
them  is  seen  the  infundibulum  and  pituitary  body. 

as  they  enter  the  visual  tract,  send  branches  downwards  towards  the 
tegmentum. 

The  ganglion  of  the  habenula  (fig.  558,  g')  is  a  collection  of 
nerve-cells  which  lies  at  the  posterior  part  of  the  thalamus  on  each, 
side,  near  the  roof  of  the  third  ventricle.  This  ganglion  receives  on 
the  one  hand  the  fibres  of  the  hahemila  or  stria  medullari%  and  on  the 
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other  hand  gives  off  from  its  cells  the  fibres  which  form  the  fasciculus 
retrofiexus  (fig.  583),  which  pass  downwards  to  the  interpeduncular 
ganglion  (p.  462).  The  two  ganglia  of  the  habenulse  are  joined  by 
a  white  commissure. 

The  corpora  mamillaria  (fig.  556)  are  seen  at  the  base  of  the  brain 
immediately  below  the  posterior  part  of  the  third  ventricle.  Each  is 
composed  of  white  matter  externally  and  grey  matter  internally.  It 
receives  fibres  from  the  anterior  pillar  of  the  fornix  of  the  same  side; 


Fig.  5.57. — Diagkam  to  show  the  peobable  codese  and  eelations  op 

THE  OPTIC  FIBEES.l 


these  fibres  arise  from  cells  in  the  hippocampus  and  end  in  the  mamil- 
lary body.  According  to  Edinger  some  fibres  from  the  olfactory 
tract  pass  directly  to  it.  The  axons  of  its  cells  bifurcate,  one  branch, 
the  coarser,  passing  into  the  anterior  and  upper  part  of  the  thalamus  in 
the  bundle  of  Vicq  d'Azyr,  and  the  other  into  the  tegmentum  of  the 
mid-brain  in  v.  Gudden's  bundle.  The  corpora  mamillaria  form  part 
of  the  central  olfactory  apparatus  (fig.  583). 

^  Only  single  fibres  are  shown  emerging  from  the  anterior  quadrigeminal  and 
external  geniculate  bodies,  continuing  the  course  of  the  two  fibres  from  correspond- 
ing points  in  the  retinae.  This  is  merely  to  simplify  the  diagram  and  is  not 
intended  to  imply  that  the  retinal  impressions  are  fused  in  those  situations. 
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Subthalamic  region.— The  tegmentum  of  the  crus  cerebri  is  pro- 
longed below  the  thalamus  opticus,  and  between  it  and  the  internal 
capsule,  into  a  mass  of  grey  substance,  with  longitudinally  and 
obliquely  crossing  white  bundles,  which  is  known  under  the  name  of 
hypothalamus  (fig.  558).    Its  deepest  part  contains   a  lens-shaped 


Fig.  558.— Section  taken  obliquely  through  the  optic  thalamus  and 
internal  capsule  showing  some  of  the  strands  of  fibres  of  the 
HYPOTHALAMUS.    Magnified  2\  diameters. 

Th.,  thalamus;  v.iii.,  third  ventricle;  tisenia,  or  attachment  of  epithelial  roof  of 
ventricle;  sir.,  stria  medullaris  or  habenula ;  g',  ganglion  of  the  habenula ;  n.t., 
mesial  nucleus  of  thal.imus ;  opt.,  optic  fibres  passing  into  pulvinar  of  thalamus; 
Zi,,  zona  inoerta,  from  which  fibres  are  seen  emerging  and  sweeping  as  the  ansa 
lenticuaris,  a.  I.,  round  the  internal  cajisule,  c.i.,  to  pass  toward  the  lenticular 
nucleus  ;  c.s.,  corpus  subthalamicum  ;  /.,  anterior  pillar  of  fornix  passing  backwards 
to  corpus  mamillare ;  V.A.,  bundle  of  Vicq  d'Azj-r,  passing  ujjwards  and  forwai-ds 
from  corpus  mamillare  into  thalamus;  p,  group  of  nerve  cells,  probably  belonging 
to  the  nucleus  of  the  corpus  mamillare  ;  x,  fasciculus  retroflexus. 

mass  of  grey  matter  prolonged  forwards  from  the  substantia  nigra 
known  as  the  corpus  subthalamimm  (Luys).  A  mass  of  fibres  sweeps 
round  this  and  round  the  internal  capsule,  passing  between  the  thalamus 
and  the  nucleus  lenticularis,  this  is  known  as  the  ansa  lenticularis. 

The  pineal  gland  or  epiphysis  cerebri  (fig.  552),  which  is  developed 
in  the  roof  of  the  third  ventricle,  but  passes  backward  between  the 
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anterior  corpora  quadrigemina,  is  composed  of  a  number  of  tubes  and 
saccules  lined  and  sometimes  almost  filled  with  epithelium,  and  con- 
taining deposits  of  earthy  salts  {brain  sand).  (Similar  deposits  may 
also  occur  in  other  parts  of  the  brain,  especially  in  the  pia-mater). 
The  follicles  are  separated  from  one  another  by  vascular  connective 
tissue  derived  from  the  pia-mater,  and  along  with  the  vessels  are 
numerous  nerve-fibres  of  sympathetic  type  (Cajal).  No  true  nerve- 
cells  can  be  seen,  although  there  are  a  number  of  cells  similar  in  general 
appearance  to  the  "granules"  of  the  cerebellum,  but  apparently  without 
axons.  In  some  animals  (ox)  striated  muscular  fibres  have  been  met 
with. 

In  the  chameleon  and  some  other  reptiles,  the  pineal  is  better  developed, 
and  is  connected  by  nerve-fibres  with  a  rudimentary  median  eye  of  inverte- 
brate type,  placed  upon  the  upper  surface  of  the  head. 

The  pituitary  body  or  gland  (hypophysis  cerebri)  is  connected  with  the 
third  ventricle  by  the  infundibulum.  It  consists  of  two  lobes,  a  large 
anterior  and  a  smaller  posterior.  The  structure  of  this  body  has 
already  been  described  (pp.  254  to  258). 
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LESSONS  XLIV.  and  XLV. 
STRUCTURE  OF  THE  CEREBELLUM  AND  CEREBRUM. 

1.  Sections  of  the  cerebellum  vertical  to  the  surface,  (a)  across  the  direction 
of  the  laminae,  (6)  parallel  with  the  laminae. 

2.  Sections  across  the  whole  of  one  hemisphere  of  the  cerebrum  of  a  monkey 
passing  through  the  third  ventricle. 

3.  _  Vertical  sections  of  the  cerebral  cortex :— one  across  the  central 
gyri,  another  from  the  occipital  lobe  (calcarine  region),  another  across  the 
superior  temporal  gyrus  and  island  of  Eeil,  and  one  across  the  hippo- 
campal  gyrus  and  hippocampus. 

4.  Transverse  sections  of  the  olfactory  tract  and  bulb. 

In  all  these  preparations  make  sketches  under  a  low  power  of  the  general 
arrangement  of  the  grey  and  white  matter,  and  also  of  the  nerve-cells  in  the 
grey  matter.    Sketch  some  of  the  details  under  a  high  power. 

The  preparations  are  made  in  the  same  way  as  those  of  the  spinal  cord. 
Other  preparations  may  be  made  by  the  Golgi  or  Cox  methods  to  exhibit 
the  relation  of  the  cells  to  one  another.  Such  preparations  have  been 
already  partly  studied  (Lessons  XVII.  and  XVIII.). 


The  Cerebellum. 

The  cerebellum  is  composed  of  a  white  centre  and  of  a  grey  cortex. 
Both  extend  into  all  the  folds  or  laminae,  so  that  when  the  laminas 
are  cut  across,  an  appearance  is  presented  of  a  Avhite  arborescence 
covered  superficially  by  grey  matter.  The  white  matter  is  in  largest 
amount  in  the  middle  of  each  cerebellar  hemisphere.  There  is  here 
present  a  peculiar  wavy  lamina  of  grey  matter,  similar  to  that  in  the 
olivary  body,  and  known  as  the  nucleus  dentatus  (fig.  559,  n.d.)  This 
receives  numerous  nerve-fibres  from  the  cells  of  Purkinje  of  the  cortex, 
which  end  by  arborising  around  its  cells.  The  latter  give  off  axons 
which  become  the  fibres  of  the  superior  cerebellar  peduncles,  and 
for  the  most  part  end  in  the  opposite  red  nucleus,  but  some  pass  beyond 
this  into  the  subthalamic  region.  The  dentate  nucleus  also  receives 
collaterals  from  fibres  of  the  inferior  peduncle  (Cajal). 

Other  isolated  grey  nuclei  lie  in  the  white  matter  of  the  middle  lobe 
over  the  roof  of  the  4th  ventricle  and  constitute  collectively  the  nuclei 
of  Stilling.  The  most  important  of  these  appears  to  be  the  nucleus  tecti 
(s.  fastigii)  (fig.  559).  This  receives  many  of  the  ascending  fibres  of  the 
vestibular  nerve  (p.  443)  and  collaterals  from  the  spino-cerebellar  tracts. 
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and  gives  origin  to  ca  bundle  of  fibres  which  crosses  to  the  opposite  side 
and  descends  in  the  mesial  part  of  the  restiform  body  to  the  reticular 
formation  of  the  medulla  oblongata  (Eisien  Russell). 

The  grey  matter  of  the  cerebellum  appears  essentially  of  similar 
structure  throughout  the  whole  extent  of  the  cortex.  It  consists  of 
two  layers.  The  inner  one  (that  next  to  the  white  centre)  is  composed 
of  a  large  number  of  very  small  nerve-cells  intermingled  with  a  few 
larger  ones  and  some  neuroglia-cells  (granule  layer,  fig.  560,  d).  The 


Fig.  559. — Section  aceoss  the  cerebellum  and  medulla  oblongata 
showing  the  position  of  the  nuclei  in  the  white  centbe  op  the 

CEREBELLUM.  (Stilling.) 
n.d.,  nucleus  dentatus  cerebelll ;  s.c.p.,  fibres  of  superior  peduncle;  com,  com',  com", 
commissural  fibres  ;  X,  rootlet  of  vagus  ;  XII,  rootlet  of  hypoglossal  nerve. 


outer  one  is  thicker,  and  is  formed  chiefly  of  fine  nerve-fibres  (fig.  562,  A) 
with  small  nerve-cells  scattered  through  it  {molecidar  layer,  fig.  560,  I). 
Into  its  outer  part  processes  of  the  pia-mater  conveying  blood-vessels 
pass  vertically.  Lying  between  the  two  layers  of  the  grey  matter 
is  an  incomplete  stratum  of  large  flask-shaped  cells  (fig.  560,  c)  {cells  of 
PurJcinje,  fig.  561).  Each  of  these  gives  off  from  its  base  a  fine  process 
(axon),  which  becomes  the  axis-cylinder  of  one  of  the  mcdullated  fibres 
of  the  white  centre,  while  from  the  opposite  pole  of  the  cell  large 
ramified  processes  (dendrons)  extend  into  the  superficial  layer  of  the 
grey  matter. 
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The  dendrons  of  the  cells  of  Purkinje  spread  out  in  planes  trans- 
verse to  the  direction  of  the  lamellae  of  the  organ,  so  that  they 
present  a  different  appearance  according  to  whether  the  section  is 
taken  across  the  lamella3  or  along  them  (compare  figs.  562  and  563). 


Fig.  .560.— Section  of  cortex  of  cerebellum.  (Sankey.) 

a,  pia-mater ;  b,  external  layer  ;  c,  laj-er  of  corpuscles  of  Purkinje  ;  d,  inner  or  granule 

layer ;  e,  medullary  centre. 

These  dendrons  are  invested  at  their  attachment  to  the  cell,  and 
for  some  extent  along  their  branchings,  by  basket-works  formed  by 
the  terminal  arborisations  of  certain  fibres  (climbing  or  tendril  fibres}, 
of  the  medullary  centre  (fig.  565;  fig.  566,  cl.f.).  The  body  of  the  cell 
of  Purkinje  is  further  invested  by  a  felt-work  of  fibrils  formed  by  the 
arborisation  of  axis-cylinder  processes  of  nerve  cells  {basket-cells)  in  the 
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outer  layer  of  the  grey  matter  (figs.  564  ;  56G,  b).  Each  cell  has 
thei'efore  a  double  investment  of  this  nature,  one  covering  the 
dendrons,  the  other  the  body  of  the  cell  and  extending  along  the 
commencement  of  the  axon. 

The  granules  of  the  inner  layer  of  grey  matter  are  mostly  small 
nerve-cells,  each  with  a  few  dendrons  penetrating  amongst  the  other 


Fig.  561. — A  cell  of  puekinje  of  the  cerebellum,  shown  by  golgi's 

METHOD.  (Cajal.) 
a,  axon  ;  b,  collateral  from  axon ;  c,  d,  arborisation  of  dendrons. 

granules,  and  an  axon  which  is  directed  between  the  cells  of  Purkinje 
into  the  outer  layer.  After  penetrating  a  variable  distance  into  this 
layer  it  bifurcates,  and  its  two  branches  pass  in  opposite  directions  at 
right  angles  to  the  main  stem,  and  parallel  to  the  direction  of  the 
lamella  (fig.  562).  What  ultimately  becomes  of  the  branches  is  not 
known.  In  sections  cut  across  the  lamella  the  cut  ends  of  these  fibres 
give  a  finely  punctated  appearance  to  the  outer  layer  (fig.  563). 
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Figs.  562  and  563. — Sections  of  cortex  cerebelli  stained  by  golgi's 

METHOD.  (Cajal.) 

Fig.  062. — Section  made  in  the  dii-ectiou  of  the  lamina.    Fio.  563. — Section  taken  acrcss 
the  lamina. 


A,  outer  or  moleculai-  layer ;  B,  inner  or  granule  layer ;  C,  medullary  centre. 

a,  corijusclos  of  Purkinje ;  6,  small  granules  of  inner  layer;  c,  a  iirotoplasmic  process 
(dendi-on)  of  a  granule  ;  d,  nerve-filire  process  of  a  granule  passing  into  the  molecular 
layer,  where  it  bifurcates  and  becomes  a  longitudinal  fibre  (in  fig.  563  these  longi- 
tudinal fibres  are  cut  across  and  appear  as  dots) ;  c,  bifurcation  of  another  fibre ;  g,  a 
granule  lying  in  the  white  centre. 


Fig.  564.— Basket-cell  of  cerebellum  showing  the  arborisations  of  its 

axon  over  the  cells  of  pdrkinje.  (Cajal.) 
A,  row  of  Purkinje  cells  ;  B,  basket  cell  of  molecular  layer ;  d,  its  dendrons  ;  c,  its  axon  ; 

a  and  b,  endings  of  axon. 
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Some  of  the  cells  of  the  granule  layer  are  far  larger  than  the  others, 
and  send  their  much-branching  axons  amongst  the  smaller  granules 
{cells  of  Golgi,  fig.  566,  g).  Besides  these,  other  large  "  granules '|  have 
been  noticed  by  Cajal,  occurring  both  in  the  granule  layer  and  in  the 
white  centre,  with  long  axons  passing  into  the  white  matter  of  the 
cerebellum.    These  are,  however,  only  rarely  met  with. 

Eamifying  amongst  the  cells  of  the  granule  layer  are  peculiar  fibres 
derived  from  the  white  centre,  and  characterised  by  having  pencils  of 


Fig.  565.— Ending  of  a  "tendml"  fibre  ovee  the  dendrons  of  a 

PDEKINJE  CELL;   HUMAN.  (Cajal.) 

fine  short  branches  at  intervals  like  tufts  of  moss  (fig.  566,  m.f.).  These 
have  been  termed  by  Cajal  the  moss-fihres ;  they  end  partly  in  the 
granule  layer,  partly  in  the  molecular  layer. 

The  neuroglia  of  the  cerebellum  is  peculiar  in  containing,  besides  the 
ordinary  branched  and  unbranched  neuroglia  cells  (fig.  566,  gl^,  gp), 
cells  which  possess  long  parallel  processes  which  extend  through  the 
molecular  layer  to  be  attached  to  the  surface  of  the  lamellae  (gl^). 
The  cell-bodies  of  these  lie  at  about  the  same  level  as  those  of 
Purkinje's  cells. 


480 


THE  ESSENTIALS  OF  HISTOLOGY. 


The  peduncles  of  the  cerebellum  have  been  already  studied  in  connec- 
tion with  the  medulla  oblongata,  pons,  and  mid-brain.  The  iv.ferior 
peduncle  (restiform  body)  is  composed  of  ascending  fibres  derived  from 


Fig.  566. — Diagrammatic  section  of  cerebellum  to  show  the  chakacters 
and  relation.s  of  the  cells  and  fibres  met  with  in  the  several  layers 

AS  EXHIBITED  BY  THE  CROMATE  OF  SILVER  METHOD.     (After  Kolliker.) 

P,  a  cell  of  Purkinje  ;  G,  a  cell  of  Golgi ;  b,  a  basket-cell ;  m,  in,  other  cells  of  the  molecular 
layer ;  gr,  granules ;  p,  a  nerve-fibre  of  the  white  substance  derived  from  a  Purkinje 
cell ;  ni./.,  "moss "-fibres  ;  cl.f.,  a  cUmbing  fibre  ;  gL^,  gl-,  gl^,  types  of  neuroglia-cells. 

the  dorsal  spino-cerebellar  tract,  from  both  olivary  nuclei — but  chiefly 
from  that  of  the  opposite  side ;  perhaps  also  from  the  nuclei  of  the 
gracile  and  cuneate  funiculi,  from  cells  and  nuclei  of  the  reticular 
formation  of  the  medulla  oblongata  and  from  the  sensory  nuclei  of 
the  cranial  nerves,  especially  of  the  vestibular  nerve.    The  fibres  of  the 
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spino-cerebellar  tract  occupy  the  outer  part  of  the  peduncle.  Most 
of  the  fibres  of  the  inferior  peduncle  pass  to  the  vermis,  crossing  to 
the  opposite  side  over  the  fourth  ventricle,  but  before  doing  so  they 
give  off  strong  collaterals  to  the  hemisphere  of  the  same  side.  The 
inferior  peduncle  also  contains  a  small  bundle  of  fibres  descending 
from  the  nucleus  tecti  of  the  opposite  side  to  the  medulla  oblongata 
(Risien  Eussell)  which  "bends  round  the  superior  peduncle  to  join  the 
inferior  peduncle,  its  fibres  lying  between  those  of  the  superior 
peduncle  and  Gowers'  bundle.  The  inferior  peduncle  contains  a  very 
small  nucleus  of  grey  matter  (Dejerine)  which  is  almost  completely 
concealed  amongst  the  mass  of  white  fibres  (fig.  536). 

The  middle  pedimcle  is  formed  of  fibres  from  the  cells  of  the  nuclei 
pontis  which  are  passing  to  the  opposite  hemisphere  of  the  cerebellum. 

The  superior  peduncle  is  formed  of  fibres  which  mostly  take  origin 
in  the  corpus  dentatum  cerebelli,  but  some  are  said  to  arise  in  the 
hemisphere  and  pass  through  this.  The  superior  peduncles  decussate 
in  the  mid-brain  across  the  raphe,  and  their  fibres  then  bifurcate  into 
ascending  and  descending  branches.  The  ascending  branches  pass 
forwards  and  end  in  the  red  nucleus,  but  some  fibres  go  past  this 
into  the  ventral  part  of  the  thalamus.  The  descending  branches  are 
traceable  into  the  dorsal  part  of  the  reticular  formation  of  the  pons. 

The  superior  peduncle,  as  it  issues  from  the  hemisphere,  is  joined  by 
the  bundle  of  Gowers,  which  runs  over  it,  and  passes  backwards  along 
its  mesial  border  to  the  vermis. 

STRUCTURE   OF  THE  CEREBRUM. 

The  grey  matter  of  the  cerebral  cortex  is  described  as  if  composed 
of  a  number  of  layers,  but  they  are  not  sharply  marked  off  from  one 
another  and  they  vary  in  relative  development  in  different  regions  of 
the  cortex.  The  cells  are  for  the  most  part  of  a  pyramidal  shape 
(fig.  567).  The  following  layers  are  generally  distinguishable,  but  in 
some  parts  of  the  cortex  a  larger  number  can  be  made  out : 

1.  A  peripheral  stratum  (molecidar  or  plexiform  layer,  figs.  567,  568, 1) 

containing  scattered  nerve-cells  and  many  neuroglia-cells.    In  the  most 

superficial  part  of  this  layer,  immediately  under  the  pia-mater,  is  a 

thin  stratum,  of  medullated  nerve-fibres,  and  besides  these  the  layer 

contains  a  large  number  of  fibres,  many  of  which   are  ramified. 

They  are  mostly  derived  fiom  the  deeper  nerve-cells  of  the  cortex. 

Intermingled  with  these  fibres  are  a  certain  number  of  ramified 

nerve-cells,  which  have  several  long  horizontally  disposed  dendrons 

and  a  long  axon,  all  of  which  terminate  by  arborisation  within  the 

2h 
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superficial  layer  {horizontal  cells  of  Cajal)  (fig.  568).  Besides  these, 
others  of  a  somewhat  similar  character  but  with  short  axis-cylinder 
processes  occur  in  this  layer. 

2.  A  layer  of  closely  set  small  pyramidal  nervercells,  several  deep 
(layer  of  small  pyramids,  fig.  567,  2).  This  layer  also  contains  other 
cells  with  short  axons  (fig.  578,  B,  F,  g). 

3.  A  layer  of  medium-sized  pyramidal  cells  less  closely  set,  with 
small  granule-like  cells  amongst  them  {layer  of  medium-sized  pyramids, 
fig.  567,  3 ;  fig.  578,  J,  H,  k). 

4.  A  layer  of  larger  pyramidal  cells  {superficial  large  pyramids, 
fig.  567,  4). 

5.  A  layer  of  small  irregular  cells  {small,  stellate  cells,  fig.  567,  5). 
The  large  pyramids  may  extend  down  into  this  layer. 

6.  A  layer  of  still  larger  pyramids  {deep  large  pyramids,  fig.  567,  6). 
In  the  motor  region  of  the  cortex,  which  in  man  is  confined  to  the 
precentral  gyrus  and  paracentral  lobule,  pyramidal  cells  of  very 
large  size  (giant  cells)  occur,  and  are  disposed  in  small  clusters  or 
"  nests "  (Betz,  Bevan  Lewis).  The  fibres  of  the  pyramid-tract  arise 
from  these  giant  cells.  In  some  parts  of  the  cortex  this  layer  is 
absent  or  is  blended  with  the  next  layer. 

7.  A  layer  of  medium-sized  pyramidal  cells  {deep  medium  pyramids, 
fig.  567,  7). 

8.  A  layer  of  small  scattered  cells,  many  of  a  fusiform  shape 

(polymorphous  layer).    This  layer  lies  next  to  the  white  centre.    In  the 

island  of  Eeil  it  is  considerably  developed,  and  is  separated  from  the 

rest  of  the  gi'ey  matter  by  a  layer  of  white  substance.     It  is  here 

known  as  the  ckmstrum,  and  on  that  account  the  layer  is  sometimes 

termed  the  claustral  layer. 

Some  authorities  describe  the"  cortex  as  consisting  only  of  three  layers, 
viz.  :  the  molecular  layer,  the  layer  of  pyramids,  and  the  layer  of  polymor- 
phous cells  ;  others  of  four,  five,  etc.,  up  to  nine.  As  a  matter  of  fact,  the 
complexity  and  the  number  of  distinct  layers  vary  in  different  regions.  The 
pyramidal  cells  of  the  cortex  are  so  termed  from  the  shape  of  the  cell-body, 
which  usually  gives  off  several  dendrons  from  the  base  of  the  pyramid  and 
one  large  dendron  from  its  apex.  This  process  extends  to  the  plexiform 
layer,  on  approaching  which  it  breaks  up  into  numerous  ramifications  which 
have  a  general  vertical  direction  and  extend  almost  to  the  outer  surface. 
This  apical  dendron  is  beset,  both  in  its  undivided  part  and  in  its  branches, 
by  minute  spinous  projections  (as  seen  in  specimens  prepared  by  the  Golgi 
method).  These  projections  are  believed  by  some  authors  to  be  retractile 
(amceboid)  and  to  be  the  means  of  effecting  (or  breaking)  nervous  connection 
with  afferent  fibres  ;  since  they  are  in  some  preparations  prominent,  in  others 
hardly  visible ;  sometimes  the  dendrons  are  entirely  free  from  them,  and  have 
an  even  outline  or  may  be  slightly  moniliform.  All  the  pyramidal  cells  have 
a  single  axon,  which  is  usually  directed  towards  the  medullary  centre,  of 
which  it  forms  one  of  the  fibres  ;  but  the  axon  sometimes  curves  back  and 
passes  outwards  again,  ending  in  arborisations  in  f)ne  of  the  other  layers. 


i   r     d       /  /     C  '  d         «  e 

Fig.  568.— Diasbam  showing  the  kelations  of  some  of  the  cells  in  the 
CEREBRAL  CORTEX.    (Barker,  after  Starr,  Strong  and  Learning.) 

I  plexifonn  layer  with  cells  of  Cajal ;  2,  -small  (d,  c)  and  middle  sized  (/)  pyi-amids ; 
3,  large  pyramids  {g,  <J,  k);  also  m,  cell  with  axon  passnig  towards  the  surface,  but 
soon  fan^fying  ;  «  h,  cell  of  Golgi's  second  type,  with  axon  ram.fynig  ni  the  adjacent 
grey  matter :  5ne  of  these  belongs  to  the  kind  tei-med  by  Cajal  "  doublc-brush  cells , 
4  polymorphous  culls,  of  which  p  sends  its  axon  towards  the  surface  and  9  its  axon 
into  the  meduUai-y  centre,  5,  which  contains  also  the  axons  of  the  pyramids ,  r,  r, 
afferent  fibres,  ending  in  the  cortex. 
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Intermingled  with  the  pyramids  and  polymorphous  cells  are  two  other 
kinds  of  cells,  viz.  :  (1)  cells  with  axis-cylinder  process  ramifying  near  the 
cell-body  ;  these  occur  in  all  the  layers  (fig.  578)  and  (2)  small  cells  sending 
their  axons  towards  the  plexiform  layer  (Martinotti),  these  are  found 
chiefly  in  the  deeper  layers  of  the  cortex. 

From  the  white  centre  bundles  of  medullated  nerve-fibres  pass  in 
vertical  streaks  through  the  deeper  layers  of  the  grey  matter  to 
lose  themselves  amongst  the  pyramidal  cells  of  the  more  superficial 
layers  (fig.  574,  577).  Many  large  fibres  however  are  seen  run- 
ning not  vertically  but  obliquely  into  the  grey  centre  from  the  white 
matter.  Most  of  the  vertically  disposed  fibres  are  the  nerve-fibre 
processes  of  the  pyramidal  and  polymorphous  cells  and  therefore  take 
origin  in  the  cortex;  others,  including  the  oblique  fibres  just  men- 
tioned, are  passing  into  the  cortex,  probably  from  the  thalamus,  to  end 
amongst  the  cells  of  the  several  layers  in  free  arborisations  (fig.  570). 

Besides  these  vertical  strands  of  fibres  there  are  others  which  lie  in 
planes  parallel  to  the  surface  of  the  cortex,  and  which  are  derived 
partly  from  the  fibres  which 
enter  the  cortex  from  the  white 
matter,  partly  from  the  collaterals 
which  are  given  ofi"  from  the  axis- 
cylinder  processes  of  the  cortical 
cells  themselves.  The  planes  in 
which  these  fibres  occur  are 
(1)  near  the  surface,  in  the  plexi- 
form (molecular)  layer :  this 
superficial  stratum  of  white  fibres 
is  best  marked  in  the  hippo- 
campal  region ;  (2)  in  the  layer 
of  medium-sized  pyramids  :  here 
the  fibres  give  the  appearance  of  a  whitish  line  in  the  section  of  the 
grey  matter  {outer  line  of  Baillarger,  fig.  569,  b).  There  is  a  particularly 
dense  plexus  of  fibres  in  this  situation  in  certain  regions  of  the  cortex, 
especially  in  the  occipital  lobe  (in  man  in  the  convolutions  bounding  the 
calcarine  fissure),  producing  a  very  distinct  line,  here  known  as  the  line 
of  Gennari  (fig.  569,  a).  This  plexus  of  nerve-fibres  is  in  intimate  associa- 
tion with  certain  large  and  small  stellate  cells  which  are  characteristic 
of  the  visual  region.  (3)  In  most  regions  of  the  brain,  in  the  plane  of 
the  layer  of  large  pyramids,  another  white  line  is  seen ;  this  is  known 
as  the  inner-  line  of  Baillarger.  The  planes  in  which  these  white  lines 
are  found  are  characterised  especially  in  the  occipital  and  temporal 
lobes,  by  the  presence  amongst  the  pyramids,  of  great  numbers  of 


a  h 


Fig.  5G9. — Sections  op  cerebeal  oon- 
VOLDTIONS.    (After  Baillarger.) 
Natural  size. 

a,  from  the  neighbourhood  of  the  calcarine 
fissure  with  only  one  white  line  clearly 
visible  (the  line  of  Gennari)  ;  6,  ordinary 
type,  with  the  superficial  white  layer  and 
outer  and  inner  hues  of  Baillarger  shown. 
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small  nerve-cells,  amongst  which  the  white  fibres  of  the  layers  ramify 
and  probably  terminate. 

The  axis-cylinder  processes  of  the  pyramidal  cells  pass  into  the 
white  centre.  Here  some  of  them  are  continued  into  the  corpus 
callosum,  and  through  this  to  the  cortex  of  the  opposite  hemisphere 
{commissural  fibres)  •  others  form  association-fibres  which  eventually  pass 


Fig.  570. — Preparation  showing  some  of  the  afferent  fibres  of  the 

ASCENDING  FRONTAL  GYRUS— HUMAN.  (Cajal.) 
A,  jaart  of  .second  layer ;  B,  layer  of  medium-sized  pyi-amids  with  close  terminal  plexus  ; 
C  to  I),  intermediate  plexus  of  horizontal  fibres ;  /v,  AoQy  plexus  of  large  oblique 
afferent  fibres ;  a,  b,  afferent  fibres  arborising  in  the  layer  of  middle  pyramids, 
amongst  which  they  form,  along  with  fibres  derived  from  cells  in  the  cortex  itself, 
the  dense  plexus  which  is  shown  in  the  left  half  of  the  figure.  The  efferent  fibres 
are  not  shown  in  this  figure. 

again  into  the  grey  matter  of  other  parts  of  the  same  hemisphere  ; 
whilst  others  again,  especially  those  of  the  largest  pyramidal  cells, 
extend  downwards  through  the  corona  radiata  and  internal  capsule. 
These  include  the  projection-fibres  of  the  pyramid  tract  and  of  the 
cortico-pontine  tract.  As  the  projection  fibres  pass  through  the  grey 
and  Avhite  matter  of  the  hemisphere  they  give  off"  collateral  fibres  to 
the  adjacent  grey  matter,  to  the  corpus  callosum,  and  to  the  corpus 
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striatum  and  optic  thalamus,  and  some  probably  end  in  these  masses  of 
grey  matter.  According  to  Cajal,  in  the  brain  of  man  as  compared 
with  the  lower  mammals,  there  is  a  marked  preponderance  of  the  cells 
with  short  axis-cylinder  ramifying  near  the  cell-body.  Such  cells  are 
most  numerous  in  the  layer  of  stellate  cells  and  in  the  layer  of  small 
pyramids. 

The  neuroglia  of  the  cortex  cerebri  contains  all  three  types  of 
glia-cell  (p.  181),  viz.:  spider  cells,  arborescent  cells,  and  cells  the  body 
of  which  is  placed  near  the  surface  while  the  processes  extend  for  a 
considerable  distance  vertically  into  the  grey  matter  (fig.  571).  The 


Fig.  571.— Neuroglia  cells  of  cortex  cekebki  :  golgi  method.   (G.  Refczius.) 


ependyma  cells  of  the  ventricles  are  also  prolonged,  like  the  cells 
of  the  central  canal  of  the  cord,  in  the  form  of  long  neuroglia-like 
fibres  into  the  adjacent  grey  matter. 

Special  features  of  certain  parts  of  the  cortex. — There  is,  as  already 
stated,  a  great  amount  of  variation  met  with  in  the  relative  extent  of 
development  of  the  above  laj^ers.  This  is  exemplified  in  the  accom- 
panying drawings  by  Cajal  (figs.  572  to  577)  of  certain  convolutions 
in  the  human  brain.  From  these  it  will  be  seen  that  smaller-sized 
cells  prevail  in  some  regions  of  the  cortex  (occipital,  temporal) ;  larger 
and  fewer  cells  in  others  (frontal,  parietal,  limbic).  Nests  or  groups 
of  very  large  "giant"  cells  are  characteristic  of  the  "motor"  region 
(precentral  gyrus  and  paracentral  lobule  in  man  and  anthropoid 
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Fig.  572. 


Fig.  573. 


Fig.  574. 


Fig.  572. — Section  of  post-central  gyrus  of  man,  stained  by 
nissl's  method.  (Cajal.) 

1,  plexifonn  layer;  2,  small  pyramids;  3,  medium  pjTamids ;  4,  superficial  large 
pyramids;  5,  small  stellate  cells  (granules);  6,  deep  large  and  medium  pyi-amids ; 
7,  fusifoi-m  cells. 

Fig.  573. — Section  op  precentral  gyrus  (motor  cortex),  stained 
BY  nissl's  method.  (Cajal.) 

1  to  6  as  before  ;  a,  c,  small  cells  amongst  tbe  pyramids ;  6,  a  large  pyramid ;  d,  a  giant 

cell  of  Betz. 

Fig.  574.— Section  of  one  of  the  motor  convolutions  (man), 
stained  by  weigeht-pal  method.  (Cajal.) 


Fig.  575.  Fig.  57G.  Fig.  577. 


Fig.  575.— Calcabine  (visual)  cobtex  of  man.    (Cajal.)   Nissl's  method. 
1,  plexiform  layer ;  2,  small  pyi-amids ;  3,  medium  pjramids  ;  4,  large  stellate  cells 
(characteristic  of  this  part  of  the  cortex);  5,  small  stellate  cells  ;  6,  a  deep  plexiform 
layer,  containing  some  small  j^yi-amids ;  7,  large  pyramids ;  S,  layer  of  small  and 
medium  pyramids  with  bent  ascending  axons  ;  9,  fusiform  cells. 

Fig.  576. — Section  of  first  temporal  gyrus  (acoustic  cortex)  of  man, 

stained  by  nissl's  method.  (Crtjal.) 
1,  ijloxiform  layer ;  2,  layer  of  small  pyramids  ;  3,  superficial  medium  pyramids  ;  4,  large 
pyramids ;  5,  small  stellate  cells  (granules) ;  6,  deep  medium  pyramids ;  7,  fusiform 
cells. 

Fig.  577.— Section  of  the  first  temporal  gyrus  (man),  stained  by 

WEHiEHT-PAL  MJ'VrHOD.  (Cajal.) 
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apes) ;  these  cells  give  origin  to  the  fibres  of  the  pyramid  tract,  and 
undergo  Nissl  degeneration  when  these  fibres  are  severed.  The 
occipital  region  (in  man,  the  neighbourhood  of  the  calcarine  fissure) 
is  fespecially  characterised  by  the  great  numbers  of  small  stellate  cells 
and. by  the  presence  in  the  layer  superficial  to  them  of  a1  stratum  of 
very  large  stellate  cells  with  long  spreading  dendrons  (fig.  575,  4) ; 


Fig.  578.— Superficial  la.ters  of  motor  cortex  op  child  :  golgi  method.  (Cajal.) 

A,  B,  C,  cells  of  Cajal  iu  plexifonn  layer ;  D  to  K,  cells  of  type  ii.  of  Golgi  (with  axons 
ramifying  near  ceU-body) ;  H,  J,  "double-brush  "  typos  of  cell. 

amongst  these  stellate  cells  (small  and  large)  the  optic  fibres  from 
the  lateral  geniculate  bodies  ramify.  A  preponderance  of  small 
stellate  cells  is  also  seen,  but  to  a  less  extent,  in  sections  of  the 
temporal  lobe ;  to  a  still  less  extent  in  the  prefrontal  and  parietal 
regions.  The  first  temporal  gyrus  is  characterised  by  the  presence 
in  nearly  all  the  layers,  but  especially  the  deepest,  of  special  large 
cells  with  widely  spreading  dendrons  and  an  axon  passing  towards 
the  white  substance  but  giving  off"  many  collaterals  in  the  grey  matter. 
There  are  also  very  many  cells  with  axis-cylinder  ramifying  in  a  most 


THE  CEEEBRAL  CORTEX. 


491 


complex  manner  near  the  cell-body,  mainly  in  a  plane  vertical  to  the 
surface.-  The  hippocampal  gyrus  has  groups  or  islets  of  stellate  cells 
(islets  of  small  cells  alternating  with  islets  of  larger)  in  the  plexiform 
layer  (see  p.  494).  The  cortex  of  the  insula  has  special  cells  similar  to 
those  in  the  first  temporal  gyrus,  and  is  further  characterised  by  the 
peculiar  spindle-shape  of  many  of  the  large  pyramids. 

The  size  and  number  of  the  mednllated  fibres  vary  in  different 
regions.  In  some  they  are  large  and  numerous  (motor  part  of  frontal 
lobe,  calcarine  area,  hippocampal  area),  in  others  fine  and  much  less 
conspicuous  (gyrus  fornicatus,  temporal  area,  parietal  area,  prefrontal 
area,  insula  and  lobus  pyriformis),  whilst  an  intermediate  condition 
presents  itself  in  the  occipital  area  (except  the  calcarine  region),  the 
transverse  temporal  gyri  and  superior  temporal  gyrus,  and  the  part 
of  the  frontal  immediately  in  front  of  the  motor  region.  These 
diff'erences  have  been  employed  by  Campbell  in  attempting  to 
diff'erentiate  the  functions  of  the  various  cerebral  regions  by  a 
comparison  of  their  structure.^ 

THE  KHINENCEPHALON. 

The  rhinencephalon  (olfactory  region  of  the  telencephalon),  on 
account  of  the  peculiarities  of  its  structure,  its  importance  in  most 
animals,  and  the  fact  that  it  has  been  the  part  of  the  telencephalon  to 
appear  first  in  phylogenetie  development  merits  a  special  description, 
although  in  man  and  primates  generally,  and  in  some  other  (micros- 
matic)  mammals,  it  is  reduced  to  a  comparatively  rudimentary  condition. 
On  the  other  hand,  in  the  so-called  osmatic  (macrosmatic)  mammals 
there  is  a  hollow  olfactory  bulb  forming  the  anterior  termination  of  a 
thick  olfactory  lobe  which  broadens  out  behind,  where  it  is  continuous 
with  the  hippocampal  gyrus  and  hippocampus.  The  whole  forms  a 
pyriform  mass,  which  is  separated  from  the  rest  of  the  cortex  by  a  well- 
marked  fissure — the  limbic  fissure — and  has  special  connections  through 
the  anterior  commissure  and  fornix  with  other  parts  of  the  brain  on 
the  same  and  on  the  opposite  side. 

In  man  the  rhinencephalon  consists  anteriorly  of  the  small  olfactory 
hulb  from  which  the  thin  olfactory  tract  extends  backwards  to  the 
grey  matter  at  the  base  of  the  brain  and  to  the  hippocampal  region. 
Posteriorly  the  cortex  of  the  rhinencephalon  is  doubled  in  so  as  to 
form  a  projection,  the  hippocampus  major,  into  the  descending  cornu 
of  the  lateral  ventricle  :  its  edge  here  thins  off'  and  is  continued  merely 

'  For  further  details  regarding  the  ditferent  regions  of  the  cortex  and  ilhistrations 
of  their  structure  the  student  is  referred  to  Schiifer  and  Symington's  Nexirolofjy 
(Longmans,  London,  1908). 
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as  an  epithelial  covering  to  tlie  choroid  plexus  of  the  pia-mater,  which 
is  invaginated  into  the  ventricle.  At  this  thin  edge  the  white  matter 
comes  to  the  surface  as  the  fimbria  (which  is  continuous  with  the 
fornix) ;  lying  along  this  is  the  small  and  half-concealed  dentate  gyrus, 
which  is  formed  by  the  sharp  bending  of  the  grey  matter,  and  which  is 
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Fig.  579. — Section  across  the  hippocampus   major,  dentate  fissure, 

DENTATE  FASCIA  AND  FIMBRIA.  (W.  Krause.) 
D,  fascia  dentata,  or  dentate  convolution ;  F,  fimbria,  composed  of  longitudinal  fibres 
here  cut  across  ;  H,  medviUary  centre  of  the  hippocanipal  gjTUs  prolonged  around 
the  hippocampus,  as  tlie  so-called  alvous,  into  the  fimbria;  1,  layer  of  large  pyra- 
midal cells ;  2,  their  processes  (stratum  radiatum) ;  3,  stratum  gi-anulosuni ;  -1, 
plexiform  layer  (stratinn  laciniosum) ;  5,  superficial  white  layer ;  b,  nerve-cells  of 
fascia  dentata;  7,  stratiuu  granulosum  of  fascia  dentata;  8,  termination  of  super- 
ficial white  layer,  its  fibres  becoming  longitudinal. 

traceable  round  into  the  hippocampus  major  (from  this  it  is  separated 
by  the  hippocampal  fissure),  while  this  again  is  directly  continuous 
externally  with  the  gyrus  hippocampi.  The  olfactory  lobe  (tract)  is 
connected  directly  with  the  hippocampal  region  by  its  lateral  root, 
whilst  a  mesial  root  passes  into  the  anterior  commissure  and  connects  it 
with  the  rhinencephalon  of  the  opposite  side.    The  structure  and 
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connections  of  all  these  parts  as  they  occur  in  man  may  be  briefly 
alluded  to. 

In  the  region  of  the  hippocampus  major  (figs.  579,  580),  the  cortex 
is  simpler  in  structure  than  elsewhere,  and  in  the  hippocampus  major 


Fig.  580. — Hippocampal  eegion  :  golgi  method.  (Cajal.) 

A,  B,  bippocampal  gyrus;  C,  hippocampus  major;  D,  dentate  gyrus;  E,  fimbria; 
F,  white  matter  of  liippocampal  gyrus ;  G,  in  lateral  ventricle :  the  line  jooints  to 
the  crossed  sisheno-hippocampal  bundle  ;  H,  fibres  of  corpus  callosum. 

a,  efferent  fibres  of  hippocampal  gyi'us  ;  b,  afferent  fibres  of  hippocampal  gyrus  ;  c,  afferent 
fibres  of  hippocampus  and  dentate  gyrus  ;  d,  others  perforating  grey  matter  of  liipjjo- 
campal  gyrus  ;  e,  others  cut  obliquely ;  /,  fibres  of  alveus  ;  g,  h,  cells  of  hippocampus 
major  sending  their  axons  into  the  alveus  and  towards  the  fimbria ;  i,  k,  collaterals 
from  these  axons  passing  to  the  molecular  layer ;  r,  collateral  fibres  of  alveus. 
The  an-ows  indicate  the  probable  course  of  the  nerve  imjiulses. 

itself,  which  is  an  infolded  part  of  the  cortex,  the  pyramids  are  reduced 
to  a  single  layer  of  large  cells  lying  in  the  deeper  portion  and  sending 
their  apical  dendrons  as  long  fibres  into  the  plexiform  layer.  The 
plexiform  layer  and  the  superficial  white  stratum  which  overlies  it  are 
both  very  strongly  marked,  the  plexiform  layer  having  a  distinctly 
reticular  aspect,  due  partly  to  neuroglia  cells,  partly  to  the  arborescence 
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of  the  dendrons  of  the  pyramids  :  the  plexiform  layer  is  here  termed 
stratum  laciniosimi ;  internal  to  it  near  the  dentate  gyrus  is  a  layer  of 
closely  packed  small  cells  termed  stratum  granulosum.  The  pyramidal 
cells  lie  close  to  the  white  layer  known  as  the  alveus.  This  is  the  part 
of  the  hippocampus  seen  within  the  ventricle,  and  represents  the  white 
matter  of  the  hemisphere.  The  alveus  is  prolonged  externally  into  the 
fimbria,  in  which  its  fibres  become  longitudinal  in  direction  and  are 
continued  into  part  of  the  fornix. 

In  the  dentate  gyrus  {fascia  dentata,  figs.  579,  580,  d)  the  pyramidal 
cells  (6)  are  arranged  in  an  irregularly  radiating  manner,  occupying  the 
centre  of  the  convolution,  and  surrounded  by  a  ring  of  closely  packed 
small  cells  {stratum  granulosum,  fig.  579,  7).  External  to  these  is  a  thick 
plexiform  layer,  occupied  by  interlacing  fibres  {stratum  laciniosum). 

The  anterior  part  of  the  hippocampal  gyrus,  which  is  known  as 
the  lobus  pyriformis,  and  receives  the  lateral  root  of  the  olfactory 
tract,  is  characterised  by  the  presence  in  the  plexiform  layer  of 
peculiar  nests  of  nerve-cells.  The  cells  in  these  nests  are  of  two 
types,  viz.,  large  polymorphous  cells  and  small  pyi-amidal  cells,  each 
being  confined  to  its  own  nest.  This  part  of  the  cortex  is  regarded 
hy  Cajal  as  the  true  olfactory  region.  In  some  animals  the  anterior 
perforated  space  forms  a  distinct  prominence  of  the  cortex  (tuberculum 
olfactorium)  and  this  is  also  characterised  by  cell-nests  (islets  of  Calleja). 
They  also  occur  in  the  cortex  of  the  hippocampal  fissure. 

The  olfactory  tract  is  an  outgrowth  of  the  brain  which  was 
originally  hollow,  and  remains  so  in  many  animals ;  but  in  man  the 
cavity  has  become  obliterated,  and  the  centre  is  occupied  by  neuro- 
glia, containing  no  nerve-cells.  Outside  the  central  neuroglia  lies 
the  white  or  medullary  substance,  consisting  of  bundles  of  longi- 
tudinal white  fibres.  Most  externally  is  a  thin  superficial  layer  of 
neuroglia. 

The  olfactory  bulb  (fig.  581)  has  a  more  complicated  structure. 
Dorsally  there  is  a  flattened  ring  of  longitudinal  white  bundles 
inclosing  neuroglia  (1,  2,  3),  as  in  the  olfactory  tract,  but  below  this 
ring  several  layers  are  recognised  as  follows  : 

1.  A  ivhite  or  medullary  layer  (fig.  581,  4,  5),  characterised  by  the 
presence  of  a  large  number  of  small  cells  ("granules")  with  reticu- 
lating  bundles   of  medullated   nerve-fibres   running  longitudinally- 
between  them. 

2.  A  layer  of  large  nerve-cells  (6),  with  smaller  ones  ("granules") 
intermingled,  the  whole  embedded  in  an  interlacement  of  fibrils  which 
are  mostly  derived  from  the  cell-dendrons.  From  the  shape  of  most 
of  the  large  cells  of  this  layer  (fig.  582,  m.c.)  it  has  been  termed  the 
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"mitral"  layer.  These  cells  send  their  axons  upwards  into  the  next 
layer,  and  they  eventually  become  fibres  of  the  olfactory  tract  and 
pass  along  this  to  the  base  of  the  brain,  giving  off  numerous  collaterals 
into  the  bulb  as  they  run  backwards. 

3.  The  layer  of  olfadm-y  glomeruli  (fig.  581,  7 ;  fig.  582,  gl).  This 
consists  of  rounded  nest-like  interlacements  of  fibrils  which  are  derived 
on  the  one  hand  from  the  terminal  arborisations  of  the  non-medullated 


Fig.  581. — Section  across  a  part  op  the  olfactory  bulb.  (Henle.) 

1,  3,  bundles  of  very  fine  transversely  cut  nerve-fibres,  forming  the  flattened  medullary 
ring,  inclosing  the  central  nem-oglia,  2  :  this  ring  is  the  anterior  continuation  of  the 
olfactory  tract ;  4,  5,  white  layer  with  numerous  small  cells  (granules) ;  6,  mitral-oeU 
layer ;  7,  layer  of  olfactory  glomeruli ;  S,  layer  of  olfactory  nerve-fibres,  bundles  of 
which  are  seen  at  *  jmssing  througli  the  cribriform  plate  of  the  ethmoid  bone. 

olfactory  fibres  which  form  the  subjacent  layer,  and  on  the  other  hand 
from  arborisations  of  dendrons  of  the  large  "  mitral "  cells  of  the  layer 
above.  There  are  also  a  few  small  nerve-cells  immediately  external  to 
and  extending  within  the  glomeruli  (periglomerular  cells).  These  are 
short  axoned  cells  and  appear  to  connect  neighbouring  glomeruli. 

4.  The  Imjer  of  olfactory  nerve-fibres  (fig.  581,  8 ;  fig.  582,  olf.n.). 
These  are  all  non-medullated,  and  are  continued  from  the  olfactory 
fibres  of  the  olfactory  mucous  membrane  of  the  nasal  foss£e.  In 
this  mucous  membrane  they  take  origin  from  the  bipolar  olfactory 
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cells  which  are  characteristic  of  the  membrane  (see  Lesson  XLV.  fig. 
621),  and  they  end  in  arborisations  within  the  olfactory  glomeruli, 
where  they  come  in  contact  with  the  arborisations  of  the  mitral  cells. 


Fig.  582.— DiAGKAJt  to  show  the  relations  op  cells  and  fibres  in  the 

OLFACTORY  BULB. 

olf.c,  olfactory  cells  of  M.  Schultze  in  the  olfactory  mucous  membrane,  sending  their 
basal  processes  as  non-meduUated  nerve-filires  into  the  deepest  layer  of  the  olfactory 
bulb  Iplf.n.);  gl,  olfactory  glomeruli  containing  the  terminal  arborisations  of  the 
olfactory  fibres  and  of  processes  from  the  mitral  cells;  inc.,  mitral  cells,  sending 
processes  down  to  the  olfactory  glomeruli,  others  laterally  to  end  in  free  ramifica- 
tions in  the  nerve-coll  layer,  and  tbeii-  axis-cylinder  processes,  a,  a,  upwards,  to 
turn  sharply  backwards  and  become  fibres  of  the  olfactory  tract  (n.tr.).  Numerous 
collaterals  are  seen  coming  off  from  these  fibres  ;  n',  a  nerve-fibre  of  the  olfactory 
tract  ending  in  a  free  ramification  in  the  olfactory  bulb. 


Fig.  583.— DiAGRAjr  op  the  olfactory  path  in  the  brain.  To  simplify 
the  diagram  the  various  divarications  of  tlie  olfactory  path  have  been 
represented  by  branchings  of  individual  fibres,  although  in  some  cases  the 
divarication  is  brought  about  by  the  turning  aside  of  bundles  of  entire  fibres. 
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The  relations  of  the  olfactory  cells  and  fibres  to  the  mitral  cells,  and 
the  continuation  of  the  axis-cylinders  of  the  latter  upwards  and  back- 
wards in  the  olfactory  tract,  are  shown  in  the  accompanying  diagrams 
(figs.  582,  583).  Besides  these  centripetal  nerve-fibres  there  are  a 
certain  number  of  centrifugal  fibres  which  end  by  ramifying  in  the 
olfactory  bulb  amongst  the  mitral  cells. 

As  is  seen  in  fig.  583,  many  of  the  fibres  of  the  olfactory  tract  pass 
to  the  hippocampal  region  of  the  brain,  terminating  by  arborescence  in 
the  grey  matter  (molecular  layer)  of  the  base  of  the  olfactory  lobe  in 
the  region  of  the  anterior  perforated  space,  as  well  as  in  that  of  the 
uncus  and  the  hippocampal  gyrus.  Fibres  are  also  given  off  from  the 
olfactory  tract  to  the  anterior  corimissure  which  proceed  to  the  oppo- 
site tract  and  bulb.  Besides  these  the  anterior  commissure  contains 
many  fibres  which  are  passing  from  the  hippocampal  region  on  one  side 
to  the  corresponding  region  on  the  opposite  side  of  the  brain.  From 
the  pyramid-cells  of  the  base  of  the  olfactory  lobe  and  hippocampal 
gyrus  fibres  pass  to  the  grey  matter  of  the  hippocampus,  and  from  the 
pyramid-cells  of  the  hippocampus  others  proceed  by  way  of  the 
fimbria  and  fornix  to  the  hippocampus  of  the  other  side,  to  the  sub- 
callosal gyrus  and  septum  pellucidum,  to  the  ganglion  of  the  habenula, 
and  finally  by  the  anterior  pillar  of  the  fornix  to  the  corpora 
mamillaria. 

CORPUS  STRIATUM. 

Besides  the  grey  matter  of  the  cerebral  cortex  the  cerebral  hemi- 
spheres conceal  in  their  deeper  parts  certain  other  masses  of  grey 
substance  (fig.  584).  The  principal  of  these  are  the  corpus  striatum 
{nucleus  caudatus,  n.c,  and  nucleus  lenticularis,  n.l.)  and  optic  thalamus 
(th.).  Between  them  run  the  bundles  of  white  fibres  which  are 
passing  downwards  to  the  crus  cerebri,  forming  a  white  lamina 
termed  the  internal  capsule.  Above  the  level  of  these  nuclei  the 
internal  capsule  expands  into  the  medullary  centre  of  the  hemisphere. 
Below  the  optic  thalami  are  the  prominent  ganglia  known  as  corpora 
albicantia  or  mamillaria.  Of  these  the  optic  thalami  and  corpora 
mamillaria  have  already  been  noticed. 

The  nucleus  caudatus  of  the  corpus  striatum  is  composed  of  a  reddish- 
grey  substance  containing  cells  some  with  long,  others  with  short  axis- 
cylinders;  some  of  the  former  being  very  large.  It  receives  fibres 
from  the  part  of  the  inteiiial  capsule  which  separates  it  from  the 
nucleus  lenticularis,  and  next  to  the  lateral  ventricle  it  is  covered  by 
a  thin  layer  of  neuroglia,  and  over  this  by  the  epithelium  of  the  cavity 
(ependyma). 

2  I 
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The  nucleus  lenticularis,  which  corresponds  in  position  internally 
with  the  island  of  Eeil  externally,  is  divided  by  two  white  laminae  into 
three  zones.  It  is  separated  from  the  nucleus  caudatus  and  optic 
thalamus  by  the  internal  capsule  (fig.  584,  i.e.),  which  consists  of  the 
bundles  of  medullary  fibres  which  are  passing  between  the  white 
centre  of  the  hemisphere  and  the  crus  cerebri ;  it  receives  on  its  inner 


Fig.  584. — Horizontal  section  through  the  optic  thalamus  and  corpus 

STRiATUnr.    Natural  size. 

V.I.,  lateral  venti-icle,  its  anterior  cornu  ;  c.c,  corpus  callosum  ;  s.l.,  septum  pellucldum  ; 
a.f..  anterior  pillars  of  the  fonii.\  ;  r3,  tliird  ventricle;  ih,  thalamus  opticus; 
St.,  stria  medullai-is ;  nc,  nucleus  caudatus,  and  nl.,  nucleus  lenticularis  of  the 
corpus  striatum ;  i.e.,  internal  capsule  ;  p,  its  angle  or  genu  ;  nc',  tail  of  the  nucleus 
caudatus  appearing  in  the  descending  cornu  of  the  lateral  venti-icle;  d.,  claustrum  ; 
J,  island  of  Reil. 


side  many  white  fibres  from  the  capsule,  and  these  impart  to  it  a 
radially  striated  aspect.  Many  of  the  nerve-cells  of  the  nucleus 
lenticularis  contain  yellow  pigment.  The  fibres  of  the  ansa  lenticularis 
appear  to  arise  from  some  of  them,  but  the  exact  course  and  destination 
of  these  fibres  is  not  known. 

The  internal  capsule  (fig.  584),  which  is  continued  below  into  the 
crusta  {pes)  of  the  crus  cerebri,  consists  mainly  of  projection-fibres, 
which  are  derived  from  the  cortex  cerebri,  and  are  passing  down  to 
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the  thalamus,  mid-brain,  pons,  medulla  oblongata,  and  spinal  cord. 
A  horizontal  section  across  the  internal  capsule  shows  it  to  be 
bounded  laterally  by  the  lenticular  nucleus,  mesially  by  the  caudate 
imcleus,  the  stria  meduUaris,  and  the  optic  thalamus.  Its  section 
shows  a  sharp  bend— the  genu.  The  fibres  from  the  motor  region  of 
the  cortex  (pyramid-tract)  pass  down  in  the  part  of  the  capsule 
extending  from  the  genu  as  far  as  the  posterior  limit  of  the  lenticular 
luicleus.  In  this  area  the  fibres  for  the  head  and  eyes  are  massed 
chiefly  in  the  anterior  part :  those  of  the  lower  limb  in  the  posterior 
part,  and  those  of  the  face,  arm,  and  trunk  occupy  intermediate  posi- 
tions from  before  backward,  in  the  order  named  (Beevor  and  Horsley), 
but  without  being  strictly  confined  to  definite  zones. 

The  fibres  from  the  cortex  to  the  thalamus  lie  mainly  in  the  anterior 
limb  of  the  capsule,  while  the  afferent  fibres  from  the  thalamus  to  the 
cortex  occur  in  the  posterior  part  of  the  postei'ior  limb,  but  extend 
forwards  so  as  to  mingle  with  the  descending  fibres  just  referred  to 
as  belonging  to  the  pyramid-tract. 

The  membranes  of  the  brain  are  similar  iu  general  structure  to  those  of  the 
spinal  cord.  The  dura  mater  is,  however,  more  closely  adherent  to  the  inner 
surface  of  the  bony  enclosure  than  is  the  case  in  the  vertebral  canal.  The 
arachnoid  is  in  many  places  close  to  the  dura  mater,  and  separated  by  a  wide 
subarachnoid  space  (which  is  bridged  across  by  finely  reticulating  bands  of 
areolar  tissue)  from  the  pia  mater.  In  the  vicinity  of  the  longitudinal  sinus, 
small  i-ounded  elevations  (arachnoidal  villi.  Pacchionian  glands)  project  into 
the  dura  mater,  and  even  become  embedded  in  the  skull  itself.  The  pia 
mater  is  closely  adherent  to  the  surface  of  the  brain,  and  dips  into  all  the 
sulci,  but  without  forming  actual  folds  (Tuke).  In  it  the  blood-vessels 
ramify  before  passing  into  the  substance  of  the  brain,  and  they  are  accom- 
panied, as  they  thus  enter  the  cerebral  substance,  by  prolongations  of  the  pia 
mater,  which  do  not,  however,  closely  invest  them,  but  leave  a  clear  space 
around  each  vessel,  presumably  for  the  passage  of  lymph  (perivascular  .space). 
The  capillary  network  is  much  closer  in  the  grey  than  in  the  white  matter. 


500 


THE  ESSENTIALS  OF  HISTOLOfJY. 


LESSONS  XLVI,  XLVIL,  and  XLVIII. 

STRUCTURE  OF  THE  EYELIDS  AND  OF  THE  PARTS  OF 

THE  EYEBALL. 

1.  Sections  of  the  eyelid  vertical  to  its  surfaces  and  transverse  to  its  long 
axis. 

Notice  the  long  sacculated  Meibomian  glands  lying  in  dense  connective 
tissue  close  to  the  conjunctival  surface,  their  ducts  opening  at  the  margin  of 
the  lid.  External  to  these  the  small  fibres  of  the  orbiculai  is  jDalpebraruni  are 
cut  across  ;  a  few  of  the  fibres  of  the  muscle  lie  on  the  conjunctival  side  of 
the  duct.  A  .short  distance  from  the  Meibomian  gland  may  be  obseived  a 
tolerably  large  sebaceous  gland  ;  outside  this  again  are  the  eyelashes.  In 
the  skin  covering  the  outer  surface  of  the  eyelid  a  few  small  hairs  may  be 
seen.  At  the  attached  part  of  the  eyelid  are  some  bundles  of  involuntary 
muscular  fibres  cut  longitudinally  in  the  section,  and  in  the  upper  eyelid  the 
fibrous  attachment  of  the  elevator  muscle  may  be  observed  attached  to  the 
dense  connective  tissue. 

Make  a  general  sketch  under  a  low  power. 

2.  Sections  through  the  posterior  part  of  an  eyeball  (man,  pig).  These 
sections  will  show  the  relative  thickness  of  the  several  coats  and  the  layers 
of  which  each  coat  is  formed.  Sections  which  pass  through  the  point  of 
entrance  of  the  optic  nerve  will  also  exhibit  the  manner  in  which  the  nerve- 
fibres  pierce  the  several  coats  to  reach  the  inner  surface  of  the  retina.  The 
modifications  which  are  found  in  the  neighbourhood  of  the  yellow  spot  may 
be  made  out  in  sections  through  that  region  ;  but  they  must  be  taken  from 
the  human  eye,  or  from  that  of  the  ape. 

3.  Sections  of  the  anterior  half  of  an  eyeball.  These  sections  should  pass 
through  the  middle  of  the  cornea.  The  lens  may  be  left  in  situ,  but  this 
renders  the  preparation  of  the  sections  and  the  mounting  of  them  difficult 
on  account  of  the  extreme  hardness  which  is  imparted  to  the  lens-tissue  by 
alcohol.^ 

In  these  sections  make  a  general  sketch  under  a  low  power,  showing  the 
relations  of  the  several  parts  one  with  another  ;  and  study  carefully,  and 
sketch  in  detail,  the  layers  of  the  cornea,  the  junction  of  the  cornea  and 
sclerotic,  the  ciliary  muscle,  the  muscular  tissue  of  the  iris,  the  mode  of 
suspension  of  the  lens,  and  the  pars  ciliaris  retinse. 

4.  Mount  in  glycerine  thin  tangential  sections  of  a  cornea  stained  with 
chloride  of  gold  by  Cohnheim's  method  ;  if  from  the  frog,  the  cornea  can 
be  torn  with  fine  forceps  into  thin  lamella,  which  are  mounted  whole. 
Sketch  three  or  four  of  the  connective-tissue  cells  (corneal  corpuscles).  The 
arrangement  and  distribution  of  the  nerve-fibres  and  their  termination 
amongst  the  epithelium-cells  as  shown  in  chloride  of  gold  preparations  have 
been  already  studied  (Lesson  XIX.). 

'The  celloidin  method  of  embedding  is  well  adapted  for  preparations  of  this 
kind. 
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5.  Mount  in  glycerine  or  dammar  sections  of  a  cornea  which  has  been 
stained  with  nitrate  of  silver.  Notice  the  branched  cell-.simces  correspond- 
ing with  the  connective-tissue  cells  of  the  last  preparation. 

[This  preparation  is  best  made  by  rubbing  the  surface  of  the  cornea  of  a 
recently  killed  animal  with  lunar  caustic,  first  scraping  off  the  epithelium 
with  a  scalpel.  After  ten  minutes  (by  which  time  the  nitrate  of  silver  will 
have  penetrated  the  thickness  of  the  cornea)  the  eye  is  washed  with  distilled 
water,  and  exposed  to  the  light.  When  brown,  tangential  sections  may  be 
made,  for  which  purpose  the  stained  cornea  may  be  hardened  in  spirit.] 

6.  Eemove  the  sclerotic  from  the  anterior  part  of  an  eye  which  has  been 
preserved  in  Miiller's  Huid,  and  tear  off  thin  shreds  from  the  surface  of  the 
choroid,  including  amongst  them  portions  of  the  ciliary  muscle.  Stain  the 
shreds  with  hfematoxylin  and  mount  them  in  glycerine.  Sketch  the  branched 
pigment-cells,  the  elastic  network,  the  mode  of  attachment  of  the  fibres  of 
the  ciliary  muscle,  etc. 

7.  Injected  pi^eparation  of  choroid  and  iris.  Mount  portions  of  the  choroid 
coat  and  iris  from  an  eye  (preferably  of  an  albino  animal),  the  blood-vessels 
of  which  have  been  filled  with  coloured  injection.  Make  sketches  showing 
the  arrangement  of  the  capillaries  and  veins. 

8.  Teased  preparation  of  human  retina.  Break  up  with  needles  in  a  drop 
of  glycerine  a  minute  fragment  of  I'etina  which  has  been  placed  in  1  per 
cent,  osmic  acid  solution  for  some  hours,  and  has  subsequently  been  kept  in 
dilute  glycerine.  Complete  the  separation  of  the  retinal  elements  by  tapping 
the  cover-glass.  Draw  carefully  under  a  high  power  some  of  the  isolated 
elements — e.g.  the  rods  and  cones  with  their  attached  fibres  and  nuclei,  the 
inner  granules,  the  ganglion-cells,  the  fibres  of  Miiller,  hexagonal  pigment- 
cells,  etc.  In  some  of  the  fragments  the  arrangement  of  the  elements  in  the 
retinal  layers  may  be  made  out  even  better  than  in  actual  sections.' 

Measure  the  length  and  diameter  of  some  of  the  cones,  the  length  of  the 
cone-fibres,  and  the  diameter  of  some  of  the  outer  and  inner  nuclei. 

9.  Teased  preparation  of  frog's  retina.  To  be  prepared  in  the  same  way  as 
8.  Notice  the  very  large  rods,  their  outer  segments  breaking  up  into  disks, 
and  the  relatively  small  cones.  Also  the  pigment  extending  between  the 
rods,  the  distance  varj'ing  according  as  the  eye  has  been  kept  in  the  dark  or 
in  the  light.    A  fresh  frog-retina  should  also  be  teased  in  salt  solution. 

10.  Sections  of  retina  of  ox  or  dog,  which  have  been  jjrepared  by  Golgi's 
method.  A  curled-up  piece  of  fresh  retina  is  placed  in  osmium-bichromate 
mixture  and  is  subsequently  treated  with  nitrate  of  silver  solution.^ 

11.  Teased  preparation  of  lens.  Separate  in  water  the  fibres  of  a  crystalline 
lens  which  has  been  macerated  for  some  days  in  bichromate  of  potassium  or 
dilute  formol  solution.    Sketch  some  of  the  fibres,  together  and  separate. 


The  eyelids  (fig.  585)  are  covered  externally  by  the  skin,  and 
internally  or  posteriorly  by  a  mucous  membrane,  the  conjunctiva,  which 
is  reflected  from  over  the  globe  of  the  eye.  They  are  composed  in 
the  main  of  connective  tissue,  which  is  dense  and  fibrous  under  the 
conjunctiva,  where  it  forms  what  is  known  as  the  tarsus. 

'For  the  distribution  of  the  nerve-fibres  and  cell-processes  within  the  retina 
Golgi's  silver  chromate  method  should  be  employed  (see  §  10). 
^See  Appendix.    Cajal's  reduced  silver  method  may  also  be  used. 
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Embedded  in  the  tarsus  is  a  row  of  long  sebaceous  glands  (the 
Meibomian  glands,  /),  the  ducts  of  which  open  at  the  edge  of  the  eyelid. 
The  rest  of  the  thickness  of  the  eyelid  is  composed  of  a  somewhat 
loose  connective  tissue,  and  contains  the  bundles  of  the  orbicularis 


Fig,  585.— Vkrtical  section  through  the  "upper  eyelid.    ("Waldejer. ) 

a,  skin ;  6,  orbicularis ;  h',  ciliary  bundle  ;  c,  involuntary  mxiscle  of  eyelid ;  d,  con- 
junctiva ;  e,  tarsus  with  Meibomian  gland  ;  /,  duct  of  the  gland ;  g,  sebaceous  gland 
near  ej'elashes ;  A,  eyelashes ;  i,  small  haii-s  in  outer  skin ;  j,  sweat-glands ;  I;  pos- 
terior tarsal  glands. 

muscle  (b).  In  the  upper  eyelid  the  levator  2)(il2^ebra;  is  inserted  into 
the  tarsus  by  a  fibrous  expansion,  and  some  bundles  of  involuntary 
muscle  are  also  present  near  the  attachment  of  the  eyelid.  The  skin 
has  the  usual  structure ;  it  contains  small  sweat-glands,  and  the 
follicles  of  small  hairs,  and,  in  addition,  at  the  edge  of  the  eyelid,  the 
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large  hair-follicles  from  which  the  eyelashes  grow.  The  epithelium 
of  the  conjunctiva  palpebrse  is  columnar,  passing  at  the  edge  of  the 
lid  into  the  stratified  epithelium  of  the  skin  ;  it  also  becomes  stratified 
in  the  part  which  is  reflected  over  the  globe  of  the  eye.  The  nerves  of 
the  conjunctiva  terminate  for  the  most  part  in  end-bulbs,  which  in  man 
are  spheroidal,  and  formed  chiefly  of  a  small  mass  of  polyhedral  cells ; 
but  in  the  calf  and  most  animals  they  are  elliptical. 

The  lacrymal  glands  may  be  mentioned  in  connection  with  the 
eyelid.  These  are  compound  racemose  glands  yielding  a  watery 
secretion.   Their  alveoli  are  lined  by  columnar  cells,  which  are  normally 
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Fig.  586. — Alveoli  of  lacetmal  gland  op  ox.    (B.  Fleischer.)  RUagTiified 

800  diameters. 

Some  of  the  cells  coutam  fine  darkly  stained  secretion  gi'anules.    The  larger  secretion 
granules  of  the  ordinary  cells  of  the  alveoli  are  not  stained. 


filled  with  granules,  but,  after  profuse  secretion,  these  disappear,  and 
the  cells  become  shorter  and  smaller.  The  ducts,  of  which  there  are 
several,  open  at  the  upper  fold  of  the  conjunctiva  near  its  outer 
extremity. 

TEJE  EYE-BALL. 
THE  SCLERA  AND  CORNEA. 

The  globe  of  the  eye  (fig.  587)  is  enclosed  by  three  coats,  the  cornea- 
sclera,  choroid-iris,  and  retina.  It  is  filled  by  the  vitreous  and  aqueous 
humours  and  the  crystalline  lens  which  lies  between  them. 

The  sclerotic  coat  is  composed  of  dense  fibrous  tissue,  the  bundles 
of  which  are  intimately  interlaced.  It  is  thickest  at  the  back  of  the 
eyeball.    It  is  covered  externally  with  a  lymphatic  endothelium,  while 
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internally  it  is  lined  hy  a  layer  of  connective  tissue  containing  pigment- 
cells,  which  give  it  a  broAvii  appearance  {lamina  fusca).  At  the  entrance 
of  the  optic  nerve  the  sclerotic  is  prolonged  into  the  sheath  of  that 
n^rve,  the  bundles  of  which,  piei^cing  the  coat,  give  a  sieve-like  aspect 
to  the  part  (lamina  aibrosa). 

X 


optic  nerve 

Fig.  .587.— Diagram  Of  a  section  throvgh  the  (right)  human  eye  passing 

HORIZONTALLY    NEARLY     THROUGH     THE    MIDDLE.       Magnified     abOUt  4 

diameters. 

o ,  b,  equator ;  x,  y,  optic  axis. 


The  cornea  (figs.  588,  589)  consists  of  the  following  layers  (enumer- 
ated from  before  back) : 

1.  A  stratified  epitheUnm  continuous  with  the  epithelium  of  the 

conjunctiva. 
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2.  A  thin  lamina  of  homogeneous  connective  tissue  (membrane  of 
Bmman),  upon  which  the  deepest  cells  of  the  epithelium  re.st. 


Fig.  588. — Vertical  section  of  human  cornea  from  near  the  margin. 

(Waldeyer.)  Magnified. 

1,  epithelium  ;  anterior  homogeneous  lamina ;  3,  substantia  propi'ia  cornesa ;  A,  pos- 
terior homogeneous  (elastic)  lamina ;  5,  epithelium  of  the  anterior  chamber ;  a,  oblique 
fibres  in  the  anterior  layer  of  the  substantia  propria ;  b,  lamellse,  •with  their  fibi-es 
cut  across,  producing  a  clotted  appearance  ;  c,  corneal  coi-puscles  appearing  fusiform 
in  section ;  d,  lamellfe  with  the  fibi'es  cut  longitudinally ;  e,  transition  to  the 
sclerotic,  with  more  distinct  fibrillation,  and  surmounted  by  a  thicker  epithelium ; 
/;  small  blood-vessels  cut  across  near  the  margin  of  the  cornea. 

3.  A  thick  layer  of  fibrous  connective  tissue  which  forms  the  proper 
suhstance  of  the  cornea.  This  is  continuous  laterally  with  the  tissue  of 
the  sclerotic.    It  is  composed  of  bundles  of  white  fibres  arranged  in 
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regular  laminae,  the  direction  of  the  fibres  crossing  one  another  at  right 
angles  in  the  alternate  laminae.    Between  the  laminaj  lie  flattened 


Fig.  589. — Section  of  human  cornea,  showing  the  stratified  epithelium, 

THE  membrane  OF  BOWMAN,  AND  THE  SUPERFICIAL  LAYERS  OF  THE 
PROPRIA. 


Fig.  590.— Cells  of  cornea  of  rabbit  stained  with  gold  chloride. 

Magnified  300  diameters. 
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connective-tissue  corpuscles  (fig.  590),  which  are  branched  and  united 
by  their  processes  into  a  continuous  netAvork ;  there  is  of  course  a 
corresponding  network  of  cell-spaces  (fig.  591).  In  vertical  sections  the 
cells  appear  narrow  and  spindle-shaped.     In  the  superficial  laminae 


Fig.  591.— Cell-spaces  of  cornea  pbepaeed  with  silver  nitrate.  Magnified 
300  diameters.    Preparation  by  H.  Pringle. 


Fig.  592. — Epithelium-cells  of  descejiet's.mejibrane.  (Smimow.) 

near  the  margin  there  are  a  few  bundles  of  fibres  Avhich  run  obliquely 
towards  the  surface  (fig.  588,  a). 

4.  A  homogeneous  elastic  layer  {memhrane  of  Descemet).  This  com- 
pletely covers  the  back  of  the  cornea,  but  near  the  angle  which  the 
cornea  forms  with  the.  iris  it  Ijreaks  up  into  separate  fibres  {Ugamentvm 
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Fig.  593. — Vertical  section  through  the  cornea.  (Cohnheim.) 

The  corneal  coi-puscles  and  the  cells  of  Descemet's  membrane  are  not  represented ;  the 
anterior  epithelium  has  been  drawn  in  only  in  part,  a,  Descemet's  membrane ;  6, 
parts  of  nerve  plexus  in  substantia  propria ;  c,  branches  going  to  the  epithelium  ;  d, 
fibres  of  the  subepithelial  layer ;  e,  vertical  fibrils  with  horizontal  outrunners. 


Fig.  .594.— Cells  and  nerve-fibrils  of  fosteuior  surface  of  fkoi.  .s 

cornea.    Gold  preparation. 
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pedinatum)  which  are  partly  continued  into  the  iris  as  the  pillars  of  the 
iris. 

5.  A  layer  of  pavement-epithelium  {epitheliimi  of  Descemet's  membrane) 
covering  the  posterior  surface  of  the  elastic  lamina,  and  lining  the  front 
of  the  anterior  chamber  of  the  eye  (fig.  588,  5).  At  the  sides  it  is 
continued  over  the  ligamentum  pectinatum  into  a  similar  epithelium, 
covering  the  anterior  surface  of  the  iris.  The  cells  of  the  epithelium 
of  Descemet's  membrane  are  separated  from  one  another  by  inter- 
cellular spaces,  which  under  favourable  circumstances  may  be  seen  to 
be  bridged  across  by  bundles  of  fibrils  which  pass  through  the  cells 
(fig.  592). 

The  nerves  of  the  cornea  pass  in  from  the  periphery,  losing  their 
medullary  sheath  as  they  enter  the  corneal  substance.  They  form 
a  primary  plexus  in  the  substantia  propria,  a  secondary  or  sub- 
epithelial plexus  immediately  under  the  epithelium  which  covers  the 
anterior  surface,  and  a  terminal  plexus  of  fine  fibrils  which  pass 
from  the  subepithelial  plexus  in  pencil-like  tufts  and  become  lost 
between  the  epithelium-cells  (fig.  593).  In  some  animals  (e.g.  frog) 
there  is  also  a  plexus  of  fine  fibrils  near  the  posterior  surface  under 
the  epithelium  of  Descemet's  membrane  (fig.  594).  There  are  no  blood- 
vessels or  lymphatics  in  the  cornea,  although  they  come  close  up  to  its 
margin. 

THE  CHOROID  AND  IRIS. 

The  choroid  or  vascular  coat  of  the  eye  is  of  a  black  colour  in 
many  animals,  but  in  the  human  eye  it  is  dai'k  brown.  It  is  com- 
posed of  connective  tissue,  the  cells  of  Avhich  are  large  and  filled 


Fig.  595.— Section  of  chokoid.    (Cadiat.)  Diagrammatic. 

a,  membrane  of  Bruch  :  the  chorio-capillaris  is  just  above  it ;  b,  vascular  layer;  c,  vessels 
with  blood  corpuscles  ;  d,  lamina  suprachoroidea. 


with  pigment  (figs.  595,  596).  It  contains  in  its  inner  layer  a  close 
network  of  blood-vessels,  and  in  its  anterior  part  the  involuntary 
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Fig.  596. — A  small  portion  of  the  lamina  supeachoroidea.  Highly 

magnified. 

The  pigment-cells  and  elastic  fibres  are  well  shown ;  n,  nuclei  of  endothelial  cells  (the 
outlines  of  the  cells  arc  not  indicated) ;  /,  lymph-cells. 
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muscular  fibres  of  the  ciliary  muscle,  which  pass  backwards  from 
their  origin  at  the  junction  of  the  cornea  and  sclerotic,  to  be  inserted 
into  the  choroid.  The  choroid  is  separable  into  the  following  layers 
(enumerated  from  without  in) : 

1.  The  lamhm  siqmtchoroidea  (fig.  595,  d).  This  is  a  loose  membrane 
composed  of  delicate  connective  tissue  pervaded  by  a  network  of  fine 
elastic  fibres,  and  containing  many  large  branched  pigment-cells  and 
lymph-corpuscles  (fig.  596).  It  is  covered  superficially  by  a  lymphatic 
endothelium,  and  is  separated  from  the  lamina  fusca  of  the  sclerotic 
by  a  cleft-like  lymph-space  which  is  bridged  across  here  and  there  by 
the  passage  of  vessels  and  nerves,  and  by  bands  of  connective 
tissue. 

2.  The  vascular  layer  of  the  choroid  (fig.  595,  5),  which  resembles 
the  suprachoroidea  in  structure,  but  contains  the  blood  vessels  of  the 
coat.  In  its  outer  part  are  the  larger  vessels  (arteries  and  veins), 
the  veins  having  a  peculiar  vorticose  arrangement;  in  its  inner  part 
(chorio-capillaris)  are  the  capillaries,  which  form  an  extremely  close 
network  with  elongated  meshes,  the  capillaries  radiating  from  the 
extremities  of  the  small  arteries  and  veins  in  a  highly  characteristic 
manner  (fig.  597).  In  the  ciliary  processes  the  vessels  have  for  the 
most  part  a  longitudinal  direction,  but  there  are  numerous  convo- 
luted transversely  disposed  capillaries  uniting  the  longitudinal  vessels 
(fig.  602,  d). 

3.  Lining  the  inner  surface  of  the  choroid  is  a  thin  transparent 
membrane  known  as  the  membrane  of  Bruch  (fig.  595,  a). 

The  ciliary  muscle  consists  of  involuntary  muscular  bundles  which 
arise  at  the  corneo-sclerotic  junction,  and  pass  meridionally  backwards 
to  be  inserted  in  the  choroid  (fig.  598,  11).  Many  of  the  deeper- 
seated  bundles  take  an  oblique  direction,  and  these  pass  gradually  into 
others  which  run  circularly  around  the  circumference  of  the  iris,  and 
on  a  level  with  the  ciliary  processes.  This  set  of  circularly  arranged 
bundles  constitutes  the  circular  ciliary  muscle  of  H.  Miiller  {3Iu.) ;  it  is 
most  marked  in  hypermetropic  eyes. 

The  iris  is  that  part  of  the  vascular  coat  of  the  eye  which  extends 
in  front  of  the  lens.  It  is  continuous  with  the  choroid  and  has  a 
similar  structure,  but  its  pigment-cells  often  contain  variously  coloured 
pigment.  Besides  the  delicate  connective  tissue  with  numerous 
elastic  fibres  and  blood-vessels  of  which  it  is  chiefly  composed,  it 
contains  two  sets  of  plain  muscular  fibres.  The  one  set  forms  the 
sphincter  muscle  (figs.  598,  sp.,  599,  a),  which  encircles  the  pupil ;  the 
other  set  consists  of  a  flattened  layer  of  radiating  fibres  which 
extend  from  the  attachment  of  the  iris  nearly  to  the  pupil,  lying 
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close  to  the  posterior  surface  and  constituting  the  dilatator  muscle 
(fig.  599,  h,  fig.  601). 


Fig.  598. — Section  through  the  ciliaky  part  of  the  eye,  ixcludinb  part 
of  the  coenea,  the  oha  serrata,  the  iris  and  the  edge  of  the  lens 

WITH  ITS  SUSPENSORY  LIGAMENT.  (Fuchs.) 

C,  cornea ;  S,  sclerotic ;  Ch,  choroid ;  E,  retina ;  Pe,  its  pigmented  epithelium ;  0,  pars 
ciliaris:  this  is  continued  over  the  choroid  processes;  p.e.,  p.c,  pigmented  and 
non-pigmented  layer  of  pars  ciliaris ;  L,  lens ;  M,  ciliary  muscle  ;  r,  its  radiating 
(meridional)  fibres  passing  from  their  origin  at  tlie  coriieo-sclerotic  junction ;  Mu, 
circular  ciliary  muscle  ;  ci,  artery  of  sclerotic ;  s,  vein  (canal  of  Schlemm) ;  z,  fibres 
of  zonula  of  Zinn  passing  between  choroid  processes  into  the  suspensory  ligament 
of  the  lens  (e',  i);  I,  angle  of  anterior  chamber;  sp,  sphincter  i^upillse;  p,  edge  of 
pupil ;  h,  jjigmented  epithelium  of  iris  (accidentally  detached  at  this  point  and  show- 
ing, V,  layer  of  dilatator  pupillse) ;  c,  c,  f,  f,  creases  and  folds  of  anterior  surface  of  iris  ; 
cr,  a  fissure  in  this  surface  (accidental) ;  a,  artery  at  insertion  of  iris  ;  k,  capsule  of  lens. 


FiG.  599.— Segment  of  the  iris,  seen  from  the  posterior  surface  after 

REMOVAL  OF  THE  UVEAL  PIGMENT.  (IwanoflP.) 
a,  sphincter  muscle ;  b,  dilatator  muscle  of  the  pupil. 
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The  back  of  the  iris  is  covered  by  a  thick  double  layer  of  pigmented 
epithelium  (uvea)  (fig.  601)  continuous  with  the  epithelium  of  the  pars 
ciliai'is  retina  (p.  52.5). 


tissue  of 
sclerotic. 


insertion  of       canal  of  canal  of 

ciliary  miiscle.     Hchlemm.  Schlemm. 


tissue  of 
cornea. 


ciliary  muscle. 


uveal  pigment  of  iris. 


iris  stroma. 


Fig.  goo. — Section  (from  the  eye  of  a  man),  showing  the  belations  of 
the  ciliary  mu.scle  to  the  sclerotic,  iris,  and  the  cavernous  spaces 
near  the  angle  of  the  anterior  chamber. 

The  figure,  which  i.s  copied  from  a  photograph,  includes  only  a  small  portion  of  the  ciliary 
muscle,  the  fibres  of  which  are  seen  to  be  converging  to  a  point  immediately  anterior 
to  the  angle  of  the  anterior  chamber.  Here  they  are  attached  through  the  medium 
of  a  tongue  of  fibrous  tissue  of  the  sclerotic  (consisting  mainly  of  circular  bundles)  to 
the  outer  part  of  the  ligamentum  pectinatum,  which  forms  a  loose  tissue  with  open 
meshes  lying  between  the  canal  of  Sclilemm  and  the  anterior  chamber.  To  the  right 
of  the  figure  the  fibres  of  the  ligamentum  pectinatum  are  seen  to  be  gradually  con- 
verging towards  the  posterior  surface  of  the  cornea,  and  somewliat  beyond  the  part 
.shown  in  this  figure  they  merge  into  the  membrane  of  Descemet.  A  communica- 
tion of  the  canal  of  Schlemm^  wliich  is  double  in  this  section,  with  the  endotlielial- 
lined  spaces  in  the  ligamentvmi  pectinatum,  is  seen,  and  also  communications 
between  the  last-named  spaces  and  the  anterior  chamber. 


The  muscular  tissue  of  the  iris  is  developed  from  the  epithelium 

at  the  back  of  the  iris  (Nus,sbaum,  Szili). 

2k 
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blood-vessels  of  the  iris  (fig.  602,  e)  converge  towards  the  pupil, 
he  pupil  the  small  arteries  form  an  anastomotic  circle,  from 


Fig.  601.— Section  of  posterior  layers  of  human  iris,  near  its  attach- 
ment TO  THE  choroid.    Magnified  600  diameters. 

s,  iris  stroma,  with  connective  tissue,  branched  pigment-ceUs,  and  blood-vessels  •  d 
dilatator  muscle ;  p',  deeper  layer  of  uveal  pi^ent ;  p",  superficial  layer  of  uveal 
pigment :  this  layer  is  broken  away  from  the  larger  part  of  the  section. 


which  capillaries  arise  and  pass  still  nearer  the  pupil,  around  which 
they  form  a  close  capillary  network. 

A  large  number  of  nerve-fibres  are  distributed  to  the  choroid  and 
iris,  probably  going  chiefly  to  the  muscular  tissue  of  those  j)arts  (ciliary 
muscle  and  sphincter  and  dilatator  pupillse). 


THE  RETINA. 

The  retina  consists  of  the  eight  layers  shown  in  the  accompanying 
diagram  (fig.  603),  numbered  as  they  occur  from  within  out. 

The  inner  surface  of  the  retina,  which  is  smooth,  rests  upon  the 
hyaloid  membrane  of  the  vitreous  humour.  It  is  formed  of  the  united 
bases  of  the  fibres  of  Miiller,  which  will  be  afterwards  described. 

The  layer  of  nerve-fibres  is  formed  by  the  expansion  of  the  optic  nerve 
after  it  has  passed  through  the  coats  of  the  eye  (fig.  604).  The  optic 
nerve  differs  from  other  cerebro-spinal  nerves  in  being  made  up  not  of 
separate  cylindrical  bundles  or  funiculi,  but  of  one  large  bundle, 
covered  with  a  thick  sheath  and  subdivided  by  numerous  interlacing 
septa  into  portions  of  irregular  size  and  shape  (fig.  604).  A  section 
across  the  nerve  taken  near  its  entrance  into  the  globe  shows  a  central 
strand  of  connective  tissue  containing  the  central  retinal  artery  and 
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vein  which  pass  obliquely  into  the  nerve  a  few  millimetres  from  the 
back  of  the  eye-ball.    The  sheath  of  the  nerve  has  a  composite 


Fig.  602. — Vessels  of  the 
choboid;  ciliary  pro- 
cesses AND  IRIS  OF  A  CHILD. 
(Arnold.)    10  diameters. 

«,  capillary  network  of  the  pos- 
terior part  of  the  choroid, 
ending  at  h,  the  ora  serrata ; 

c,  arteries  of  the  corona  ciliaris, 
supplying  the  clUary  processes, 

d,  and  jiasaing  into  the  iris,  e  ; 
/,  the  capillary  network  close 
to  the  papillary  margin  of  the 


Outer  or  choroidal  surface. 


Inner  surface. 


Fig.  003.— Diagrammatic  section  of  the  human 
RETINA.    (M.  Sohultze.) 

1,  Layer  of  optic  nerve-fibres ;  2,  layer  of  optic  nerve- 
cells  ;  3,  inner  synapse  (molecular)  layer ;  4,  inner 
nuclear  (bipolar)  layer;  5,  outer  synapse  (molecular) 
layer  ;  6,  outer  nuclear  layer ;  7,  layer  of  rods  and 
cones;  8,  layer  of  pigment-cells  ;  x,  membrana  limitans 
interna  ;  y,  membrana  limitans  externa. 


structure,  being  formed  externally  of  a  thick  fibrous  membrane  continu- 
ous centrally  with  the  dura  mater  and  peripherally  with  the  sclera, 
internally  of  a  membrane  continuous  centrally  with  the  pia  mater,  whilst 
between  the  two  is  a  space  containing  a  prolongation  of  the  arachnoid, 
the  space  itself  being  continuous  with  the  subdural  and  subarachnoid 
spaces  of  the  cranial  cavity.    The  nervous  tissuo  is  greatly  diminished 
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at  the  lamina  cribrosa  owing  to  the  disappearance  of  the  medullary 
sheath  of  the  nerve  fibres,  which  are  continued  into  the  retina  as 
ax  iscylinders  only. 

At  its  entrance  the  nerve  forms  a  slight  eminence  (colliculus  nervi 
optici).  The  nerve-fibres  lose  their  medullary  sheath  on  reaching  the 
retina.  Most  are  connected  with  (derived  from)  the  cells  of  the 
ganglionic  or  optic  nerve-cell  layer  (fig.  606),  but  some  (centrifugal) 
fibres  pass  through  the  ganglionic  and  molecular  layers  to  form  a 
terminal  arborisation  in  the  inner  nuclear  layer  (fig.  609,  /,  and  fig. 
607).  The  layer  of  nerve-fibres  becomes  gradually  thinner  in  the 
anterior  part  of  the  retina. 

The  layer  of  optic  nerve-cells,  or  ganglionic  layer,  is  composed  of 
nerve-cells  somewhat  like  the  cells  of  Purkinje  of  the  cerebellum 
but  varying  in  size,  although  those  of  large  size  are  prevalent  in  most 
parts  of  the  retina.  In  the  yellow  spot,  on  the  other  hand,  smaller 
nerve-cells  are  met  with,  and  they  may  here  lie  several  deep.  These 
nerve-cells  have  a  fine  axis-cylinder  process  prolonged  into  a  fibre  of 
the  layer  just  noticed  and  a  thick  branching  process,  the  ramifications 
of  which  terminate  in  the  next  layer  in  flattened  arborisations  at 
different  levels  (fig.  608,  A,  B,  c). 

The  inner  synapse  layer  or  inner  molecular  layer  is  comparatively  thick, 
and  has  an  appearance  very  like  parts  of  the  grey  matter  of  the  nerve- 
centres.  A  few  nuclei  are  scattered  through  it,  and  it  is  occupied  by 
the  px'ocesses  of  the  nerve-cells  and  of  the  inner  granules  (bipolars  and 
amacrine  cells)  which  form  synapses  in  it ;  it  is  also  traversed  by  the 
centrifugal  fibres  from  the  optic  nerve  layer,  as  well  as  by  the  fibres  of 
Miiller. 

The  inner  granule  layer  (also  termed  inner  nuclear  layer)  is  mainly 
composed  of  bipolar  nerve-cells  containing  large  nuclei.  A  process 
(the  axon)  of  each  of  these  cells  (fig.  606)  extends  inwards  into  the 
inner  molecular  layer  where  it  spreads  out  into  a  terminal  arbori- 
sation. These  arborisations  occur  at  different  levels  in  the  layer, 
forming  synapses  Avith  the  optic  nerve-cells.  Another  process 
(dendron)  is  directed  outAvards,  and  arborises  in  the  outer  molecular 
layer,  where  it  forms  synapses  with  the  terminations  of  the  rod  and 
cone-fibres.  It  has  been  shown  by  Ram6n  y  Cajal  that  there  are  two 
kinds  of  bipolars,  one  kind  {rod-hipolars,  fig.  606,  c.d.)  being  connected 
externally  with  the  rods  6f  the  retina,  and  passing  inwards  to  ramify 
over  the  bodies  of  the  nerve-cells,  whereas  those  of  the  other  kind 
{cone-hipolars,  e)  are  connected  with  the  cone-fibres,  and  ramify  in  the 
middle  of  the  inner  molecular  layer.  The  outwardly  directed  processes 
of  these  cone-bipolars  are,  in  some  animals,  but  not  in  mammals, 


Fig.  604. — Section  through  the  coats  of  the  eyeball  at  the  point  of 

ENTRANCE  OF  THE  OPTIC  NERVE.  (Toldt.) 

Ve,  dural  sheath ;  Vm,  arachnoidal  sheath,  and  Vi,  pia-matral  sheath  of  the  optic  nerve, 
with  lymphatic  spaces  between  them  ;  0,  0,  funiculi  of  the  nerve  ;  L,  lamina  cribrosa  ; 
A,  central  artery  ;  S,  sclerotic  ;  Ch,  choroid  ;  R,  retina.  The  small  letters  refer  to  the 
various  parts  of  the  retina,  b  ijeing  the  layer  of  rods  and  cones,  and  i  that  of  nervo- 
fibres. 


Fig.  605.— Section  OF  OPTIC  NEKVK  :  man.    (GreefJ.)    Magnified  24  diameters. 
The  section  is  taken  near  the  junction  with  the  globe,    d,  .sheath  derived  from  dura ;  a, 
from  arachnoid  ;  p,  from  pia  mater ;  »,  a  layer  of  .suporflcial  neuroglia. 
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Fig.  606.— Section  op  dog's  eetina,  golgi  method.  (Cajal.) 
a,  cone-fibre ;  b,  rod-fibre  and  nucleus ;  c,  d,  bipolar  cells  (inner  granules)  with  vertical 
ramifications  of  their  outer  processes  or  dendrons  :  in  the  centre  of  the  ramification 
lie  the  enlarged  ends  of  rod-fibres ;  e,  other  bipolars  with  flattened  ramifications 
abutting  against  ramified  ends  of  cone-fibres  ;  /,  large  bipolar  with  flattened  ramifica- 
tion ;  g,  inner  gi-anule-cell  sending  an  axon  towards  the  rod  and  cone-fibres ;  h, 
amacrine  cell  with  diffuse  arborisation  of  its  processes  in  inner  molecular  layer ; 
i,  j,  m,  nerve-fibrils  passing  respectively  to  outer  molecular,  inner  nuclear,  and  inner 
molecular  layers  ;  71,  ganglionic  cells,  with  axons  passing  into  nerve-fibre  layer. 


Fig.  607.— Section  through  the  innkk  layers  of  the  retina  of  a  bird, 

PREPARED  BY  GOLGl's  METHOD.  (Cajal.) 
A,  nerve-fibres  of  optic  nerve  layer ;  B,  some  of  these  fibres  passing  through  the  inner 
molecular  layer  to  end  in  an  arborisation  at  the  junction  of  the  inner  molecular 
and  inner  nuclear  layers.    The  layers  in  this  and  in  the  two  succeeding  cuts  are 
numbered  in  correspondence  with  the  layers  in  fig.  603. 


Fig.  608. -Section  across  the  molecular  and  ganglionic  layers  of  bird's 

RETINA,  prepared  BY  GOLGl'S  METHOD.  (Cajal.) 
Three  or  four  ganglionic  cells,  A,  B,  C,  and  the  terminal  arborisations  of  their  dendrons, 
a,  b,  c,  in  the  molecular  layer,  arc  shown. 
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continued  on  as  far  as  the  external  limiting  membrane,  where  each 
ends  in  a  free  extremity  {fibre  of  LaiuloU,  fig.  609,  e).  Besides  these 
bipolar  nerve-cells,  there  are  other  larger  inner  granules  (spongioblasts 
of  some  authors)  which  are  different  in  character,  having  ramified 
processes  which  extend  into  the  inner  molecular  layer  (figs.  606,  h; 
609,  A,  B,  C),  in  which  the  bodies  of  these  cells  are  often  partly 
imbedded.  The  cells  in  question  have  been  regarded  as  of  the  nature 
of  neuroglia-cells,  but  according  to  Cajal  they  are  probably  all  nerve- 


FiG.  609. — Section  op  bied'.s  retina,  peepaeed  by  golgi's  method. 

(Cajal.) 

A,  large  nerve-cell  of  inner  nuclear  layer ;  B,  C,  amacrine  cells ;  D,  small  bipolar  nerve- 
cells  with  one  process,  ramifying  in  the  inner  molecular  layer  and  the  other  one 
ramifying  in  the  outer  molecular  layer,  and  extending  (E)  as  far  as  the  rods  and 
cones  as  a  fibre  of  Landolt ;  F,  G,  rod-  and  cone-nuclei  respectively ;  H,  I,  cells  with 
dendrons  ramifying  in  outer  molecular  layer ;  .1,  fibre  of  MtUler. 

cells.  He  has  termed  them  amacrim-ceUs,  from  the  fact  that  they  were 
believed  to  be  destitute  of  a  long  process ;  but  some  have  been  noticed 
to  give  off,  besides  the  branching  processes  or  dendrons,  which  ramify 
in  the  molecular  layer,  an  axis-cylinder  process  which  may  extend  into 
the  nerve-fibre  layer.  There  are  also  some  cells  in  the  outer  part  of 
the  granule  layer  which  send  their  processes  entirely  into  the  outer  mole- 
cular layer  (fig.  609,  h).  These  are  the  Imizontal-cells  of  Eam6n  y  Cajal 
(termed  spongioblasts  of  outer  molecular  layer  by  some  authors). 
The  fibres  of  Miiller  have  nucleated  enlargements  (fig.  609,  j)  in  the 
inner  nuclear  layer. 
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The  outer  molecular  layer  is  thin,  and  is  composed  mainly  of  the 
arborisations  of  the  inner  granules,  of  the  rod-  and  cone-fibres,  and  of 
the  horizontal  cells  (figs.  606,  609),  which  all  form  synapses  in  this 
layer. 

The  outer  nuclear  layer  and  the  layer  of  rods  and  cones  are  composed  of 
elements  which  are  continuous  through  the  two  layers,  and  they  should 

properly,  therefore,  be  described  as 
one.    It  has  been  termed  the  sensory 
epithelium  of  the  retina  {^g.  610,  6  and  7). 
The  elements  of  which  this  nerve- 
epithelium    consists    are  elongated 
nerve-cells  of  two  kinds.    The  most 
numerous,  which  may  be  termed  the 
rod-elements,  consist  of  peculiar  rod-like 
structures  {retinal  rods)  set  closely  side 
by  side,  each  of  which  is  prolonged 
internally  into  a  fine  varicose  fibre 
(rod-fibre)  which  swells  out  at  one  part 
of  its  course  into  a  nucleated  enlarse- 
ment,and  ultimately  ends  (in  mammals) 
in  a  minute  knob  within  the  outer 
molecular  layer,  where  it  is  imbedded 
in  the  ramifications  of  the  dendrous  of 
the  rod-bipolars.    The  rod  consists  of 
two  segments,  an  outer  cylindi'ical  and 
transversely  striated  segment,  which 
during  life  has  a  purplish-red  colour  if 
the  eye  has  not  been  recently  exposed  to 
light,  and  an  inner  slightly  bulged  segment  which  in  part  of  its  length 
is  longitudinally  striated.    The  nucleus  of  the  rod-element  in  some 
animals,  but  according  to  Flemming  not  in  man,  has  a  transversely 
shaded  aspect  in  the  fresh  condition  (fig.  610).    The  cone-elements  are 
formed  of  a  conical  tapering  external  part,  the  retinal  cone,  which  is 
directly  prolonged  into  a  nucleated  enlargement,  from  the  farther  side 
of  which  the  cone-fibre,  considerably  thicker  (in  mammals)  than  the  rod- 
fibre,  passes  inwards,  to  terminate  by  an  expanded  arboi'isation  in  the 
outer  molecular  layer ;  here  it  comes  into  relation  with  a  similar  arbori- 
sation of  dendrons  of  a  cone-bipolar.    The  cone,  like  the  rod,  is  formed 
of  two  segments,  the  outer  of  which,  much  the  smaller,  is  transverselj' 
striated ;    the  inner,  bulged  segment  being  longitudinally  striated. 
The  inner  ends  of  the  rod-  and  cone-fibres,  as  already  stated,  form 
synapses  with  the  peripheral  arborisations  of  the  bipolars,  and  through 


Fig.  610.  —  Diagrammatic  repre- 
sentation OF  THE  ROD-  AND  CONE- 
ELKMKNTS  OF  THE  RETINA.  (After 

Sohwalbe.) 

The  designation  of  the  numbers  is  the 
same  as  in  fig.  603. 
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the  latter  elements  and  their  synapses  in  the  inner  molecular  layer 
a  connection  is  brought  about  with  the  nerve-cells  and  nerve-fibres  of 
the  innermost  layers.  The  connection  of  the  retinal  elements  with 
one  another  and  through  the  optic  fibres  with  the  central  nervous. 


«P. ,  ■..■■•is*/  ■.■•'AS.fl;:-.  ■.  . -iSfe 


Fig.  612. — Pigmented  epithelium  of  the: 
HUMAN  HETINA.  (M.  Schultze.)  Highly 
magnified. 

a,  cells  seen  from  the  outer  surface  with  clear 
lines  of  intercellular  substance  between ;  b, 
two  cells  seen  in  profile  with  fine  offsets 
extending  inwards  ;  c,  a  cell  still  in  connection 
with  the  outer  ends  of  the  rods. 


Fig.  611. — Diagram  of  the  connections  of  the  ketinal  elements  with 

ONE  another  and  WITH  THE  CENTRAL   NERVOUS   SYSTEM.  (Cajal.) 

a  to  ff,  layers  of  retina ;  a.  rods  and  cones  ;  b,  outer  nuclear  layer ;  c,  outer  molecular 
layer ;  d,  inner  nuclear  layer  ;  e,  inner  molecular  laj'er  ;  nerve-cells  giving  origin  to 
fibres  of  optic  nerve ;  g,  h,  i,  a  contrifugally  conducting  fibre,  with  a  teniiinal 
arborescence  in  the  retina ;  j,  grey  matter  of  corpus  geniculatum  or  corijus  quadri- 
geminum. 


system  (anterior  corpora  quadrigemina  and  lateral  geniculate  bodies) 
is  shown  diagrammatically  in  fig.  611. 

In  birds,  reptiles,  and  amphibia  a  small  oil-globule,  often  brightly 
coloured  red,  yellow,  or  gi^een,  is  found  in  the  inner  segment  of  each 
cone.    Other  variations  of  structure  are  met  with  in  different  animals. 
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The  cones  are  most  numerous  at  the  back  of  the  retina ;  they  are 
fewer  in  number,  and  the  rods  are  proportionally  more  numerous 
towards  the  anterior  part. 

The  pigmentary  layer  forms  the  most  external  part  of  the  retina.  It 
consists  of  hexagonal  epithelium-cells  (fig.  612),  which  are  smooth 
externally  where  they  rest  against  the  choroid,  but  are  prolonged 
internally  into  fine  filaments  which  extend  between  the  rods.  The 
pigment-granules,  many  of  which  are  in  the  form  of  minute  crystals. 


B 


Fig.  613. — A.  Part  of  a  section  of  the  retina  from  the  eye  of  a  frog 

WHICH    HAD   BEEN   KEPT  IN  THE  DARK   FOR  SOME  HOURS  BEFORE  DEATH. 

(v.  Genderen-Stort.) 

The  pigment  is  collected  towards  the  outer  ends  of  the  rods,  which  were  red,  except  the 
outer  detached  rod,  which  was  green.  The  cones,  which  in  the  frog  are  much 
smaller  than  the  rods,  are  mostly  elongated. 

B.    A  SIMILAR  SECTION  FROM  A  FROG  WHICH  HAD  BEEN  EXPOSED  TO  LIGHT. 

The  pigment  is  extended  between  the  rods,  and  is  accumulated  near  their  bases.  The 
rods  were  colourless.    All  the  cones  are  contracted. 

lie  in  the  inner  part  of  the  cell,  and  after  prolonged  exposure  to  light 
they  are  found  extending  along  the  cell-processes  between  the  rods 
(Kiihne),  their  function  being  probably  connected  with  the  restoration 
of  the  purple  colouring  matter  which  has  been  bleached  by  the  light. 
This  extension  of  the  pigment  is  accompanied  by  a  shortening  of  the 
cones  (Engelmann)  (fig.  613). 

Fibres  of  Miiller.— The  fibres  of  Muller  (fig.  609,  /,  and  fig.  614)  are 
long  stiff  cells  Avhich  pass  through  several  of  the  retinal  layers. 
Commencing  at  the  inner  surface  of  the  retina  by  expanded  bases 
which  unite  with  one  another  to  form  the  so-called  internal  limiting 
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membrane  (fig.  615),  they  pass  through  all  the  layers  in  succession, 
until  they  reach  the  outer  granule  layer.  Here  they  branch  and 
expand  into  a  sort  of  honeycomb  tissue  which  serves  to  support  the 
fibres  and  nuclei  of  the  rod-  and  cone-elements.  At  the  bases  of  the 
rods  and  cones,  this  sustentacular  tissue  ceases,  being  here  bounded  by 
a  distinct  margin  which  has  been  called  the  external  limiting  membrane 


m.l.e. 


m.l.i 


Fig.  614. 


Fig.  615. 

Fig.  614. — A  fibee  of  mdllek  feom  the  dog's 

EETINA,  GOLGI  METHOD.  (Cajal.) 

1,  nerve-fibre  layer  ;  2,  nerve-cell  layer;;  3,  Inner  molecular 
layer ;  4,  inner  granule  layer  ;  5,  outer  molecular  layer ;  6, 
outer  granule  layer  ;  6,  nucleus  of  the  fibre  ;  a,  a  process 
extending  into  inner  molecular  layer;  m.l.i.,  membrana 
limitans  interna ;  m.l.e.,  membrana  limitans  externa. 


Fig.  615.— Inteenal  limiting  membeane  of  eetina 
teeated  with  silvee  niteate,  showing  the  out- 
LINES OF  THE  BASES   OF    THE   FIBEES  OF  MDLLEK. 

(G.  Retzius.) 


<fig.  614,  m.l.e),  but  delicate  sheaths  pass  from  it  around  the  bases  of 
the  rods  and  cones.  Each  Miillerian  fibre,  as  it  passes  through  the 
inner  granule  layer,  has  a  nucleated  enlargement  {h),  indicating  the 
cell  nature  of  the  fibre.  The  fibres  of  Miiller  represent  ependyma- 
<5ells  or  perhaps  long  neuroglia-cells  such  as  are  found  in  some  parts 
of  the  nerve-centres,  e.g.  the  cerebellum  (see  fig.  566). 

There  are  two  parts  of  the  retina  which  call  for  special  description. 
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The  macula  lutea  (yellow  spot),  with  its  central  fovea,  is  the  part 
of  the  retina  which  is  immediately  concerned  in  direct  vision.  It  is 
characterised  firstly  by  its  greater  thickness  (except  at  the  middle  of 
the  fovea),  secondly  by  the  large  number  of  its  ganglion-cells,  which 
are  rounded  or  conical,  and  thirdly  by  the  large  number  of  cones 
it  contains  as  compared  with  the  rods.  In  the  central  fovea  itself 
(fig.  616)  there  are  no  rods,  and  the  cones  are  very  long  and 
slender,  measuring  not  more  than  2/x  in  diameter;  all  the  other  layers 


Fig.  616. — Section  through  the  central  part  of  the  fovea  centralis. 
(From  a  preparation  by  C.  H.  Golding-Bird.) 

M,  bases  of  MUllerian  fibres;  c.b.,  nuclei  of  inner  granules  (bipolars);  c.n.,  cone-fibre 

nuclei ;  c,  cones. 

become  gradually  thinned  down  almost  to  complete  disappearance,  so 
that  the  middle  of  the  central  fovea  is  the  thinnest  part  of  the  retina. 
Since  there  are  few  rods,  the  outer  granule  layer  loses  in  great 
measure  its  appearance  of  being  composed  of  closely  packed  nuclei, 
and  the  cone-fibres  are  very  distinct,  forming  the  so-called  fibrous  layer. 
The  direction  of  these  fibres  is  for  the  most  part  very  oblique  in  this 
part  of  the  retina. 

The  pigmentary  layer  is  thickened  over  the  fovea,  and  there  is  also 


THE  LENS  AND  VITREOUS  HUMOUR. 


525 


a  thickening  in  the  choroid  coat  here,  due  to  a  large  accumulation  of 
capillary  vessels. 

The  pars  ciliaris  retinae,  Avhich  commences  at  the  ora  serrata,  Avhere 
the  retina  proper  abruptly  ends  (fig.  617),  is  composed  of  two  epithelial 
layers  and  has  no  nervous  structures.  Of  the  two  layers,  the  external 
is  a  thick  stratum  of  pigmented  epithelium  formed  of  rounded 
cells  and  continuous  with  the  pigmentary  layer  of  the  retina  on  the 
one  hand,  and  with  the  uvea  of  the  iris  on  the  other ;  the  inner  is  a 
layer  of  columnar  cells,  each  containing  an  oval  nucleus.  These 
cells  probably  represent  the  Miillerian  fibres  of  the  retina. 

The  retina  contains  relatively  few  blood-vessels.  The  central  artery 
enters  and  the  vein  leaves  it  in  the  middle  of  the  optic  nerve.  The 


Fig.  617.— Section  of  human  betina  at  oba  sekeata,  showing  the  abrupt 
teemination  of  the  usual  betinal  layees  and  the  continuation  of 
the  betinal  sheet  as  two  latebs  of  cells,  which  fobm  the  paes 
CILIAEIS  EETiNiE.  (Piersol.) 

a,  a,  pigment  layer ;  h,  rod-  and  cone-layer ;  e,  outer  nuclear  layer  ;  tZ,  outer  molecular 
layer  ;  e,  inner  nuclear  layer ;  /,  iiuier  molecular  layer  ;  (/,  ganglion-cell  and  nerve-fibre 
layers  ;  It,  section  at  transition  line  ;  k,  columnar  cells  of  pars  ciliaris  ;  i,  a  cyst  (such 
Tfi      cysts  occur  occasionally  here). 

larger  vessels  ramify  in  the  nerve-fibre  layer,  and  there  are  capillary 
net-works  in  this  layer  and  in  the  inner  nuclear  layer.  There  are  peri- 
vascular (lymph)  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  but  is  nourished  from  the  vessels 
of  the  choroid. 

THE  LENS  AND  VITREOUS  HUMOUR. 

The  lens. — The  lens  is  a  laminated  fibrous  body  inclosed  by  a  trans- 
parent elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  598).  Immediately  within  the 
capsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens 
the  cells  become  longer  and  pass  by  a  gradual  transition  into  the 
lens-fibres  (fig.  618).    The  ^Z'res  which  compose  the  lens  are  long  and 


Wl 


mi 
W 

Fig.  618.— Section  throu&h  the  mar- 
gin OP  THE  rabbit's  LENS,  SHOWING 


THE  TRANSITION  OF  THE 
OF    THE    CAPSULE  INTO 

FIBRES.  (Babuchin.) 


EPITHELIUM 
THE  LENS- 


FiG.  619. — Fibres  op  the  crystalline 
LENS.    350  diameters. 

A,  longitudinal  view  of  the  fibres  of  the  lens  from 
the  ox,  showing  the  serrated  edges.  B,  trans- 
verse section  of  the  fibres  of  the  lens  from  the 
human  eye.  C,  longitudinal  view  of  a  few  of 
the  fibres  from  the  equatorial  region  of  the 
human  lens.  Most  of  the  fibres  in  C  are  seen 
edgewise,  and,  towards  1,  present  the  swell- 
ings and  nuclei  of  the  '  nuclear  zone ' ;  at  2,  the 
flattened  sides  of  two  fibres  are  seen.  (A  and 
B  from  KoUiker ;  C  from  Henle.) 
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riband-shaped,  with  finely  serrated  edges  (fig.  619,  a);  in  transverse 
section  they  appear  prismatic  (b).  Many  of  the  superficial  fibres  are 
nucleated  (c),  the  lens-fibres  having  originally  been  developed  by  the 
elongation  of  epithelium-cells. 

The  vitreous  humour. — This  is  composed  of  soft  gelatinous  tissue, 
apparently  structureless  when  examined  in  the  fresh  condition,  but 
containing  fibres  and  a  few  scattered  cells,  the  processes  of  which  are 


Fig.  620.— Cells  of  vitreous.  (Sohwalbe.) 
a,  d,  -without  vacuoles  ;  6,  c,  e,  f,  g,  with  vacuoles. 


often  long  and  varicose,  and  the  cell-bodies  distended  by  large  vacuoles 
(fig.  620).  The  hyaloid  membrane,  which  invests  the  vitreous  humour,, 
is  homogeneous  and  structureless  except  in  the  region  of  the  ciliary 
processes,  where  it  is  fibrous  in  structure,  forming  the  zonule  of  Zinn 
and  spreading  out  into  the  suspensory  ligament  of  the  lens  (fig.  598). 
This  part  of  the  hyaloid  membrane  is  connected  with  a  circular 
fibrous  portion  of  the  vitreous  humour  which  serves  to  give  addi- 
tional firmness  to  the  attachment  of  the  fibres  of  the  suspensory 
ligament  of  the  lens  (Anderson  Stuart). 
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LESSON  XLIX. 

STRUCTURE  OF  THE  OLFACTORY  MUCOUS  MEMBRANE 
AND  OF  THE  EXTERNAL  AND  MIDDLE  EAR. 

1.  Vertical  sections  of  the  nasal  mucous  membrane.  The  sections  may 
be  carried  either  across  the  upper  turbinate  bone,  after  decalcification,  or 
acros.s  the  upper  part  of  the  nasal  septum.  Make  a  sketch  under  the  low 
power.  Notice  the  difference  in  the  character  of  the  epithelium  in  the 
olfactory  and  respiratory  parts  of  the  membrane. 

2.  Teased  preparation  of  the  epithelium  of  the  olfactory  mucous  membrane. 
A  piece  of  the  membrane  is  placed  quite  fresh  in  osmic  acid  (1  per  cent.)  for 
a  few  hoLu^a,  and  is  then  macerated  for  two  days  or  more  in  water.  The 
epithelium  is  broken  up  in  dilute  glycerine  ;  the  cells  easily  separate  from 
one  another  on  tapping  the  cover-glass.  Notice  the  two  kinds  of  cells. 
Sketch  some  of  the  cells  under  a  high  power.^ 

3.  Sections  of  the  external  ear  (these  have  been  already  studied  for  the 
cartilage.  Lesson  XII.). 

4.  Sections  across  the  cartilaginous  part  of  the  Eustachian  tube.  Sketch 
under  the  lower  power. 

5.  Preparation  of  the  membrana  tyinpani.  A  piece  of  the  membrane, 
stained  with  magenta  and  gentian  violet  (see  Lesson  IX.,  §  2),  is  mounted 
flat  in  xylol  balsam  or  dammar. 

Determine  the  composition  of  the  membrane — i.e.  the  several  layers  com- 
posing it — by  focussing  carefully  with  the  high  power. 


THE  OLFACTORY  MUCOUS  MEMBRANE. 

The  olfactory  region  of  the  nasal  fossse  includes  the  upper  and 
middle  turbinate  processes  and  the  upper  third  of  the  septum.  It 
is  covered  by  a  soft  vascular  mucous  membrane  of  a  yellow  colour 
in  man. 

The  epithelium  of  the  olfactory  mucous  membrane  (figs.  621,  622)  is 
very  thick  and  is  composed  of  long  cells,  set  closely  side  by  side  and 
bounded  superficially  by  a  cuticular  lamina,  through  which  the  ffee 
ends  of  the  cells  project.  The  cells  are  of  two  kinds :  1.  Long 
narrow  spindle-shaped  or  bipolar  nerve-cells  consisting  of  a  larger  part 
or  body  {h),  containing  the  nucleus,  and  of  two  processes  or  poles,  one 
(c)  straight  and  cylindrical  and  extending  to  the  free  surface,  the  other 
{d)  very  delicate  and  varicose,  looking  not  unlike  a  nerve-fibril  and 

1  Tlie  connection  of  the  olfactory  cells  with  the  olfactory  nerve-fibres  is  displayed 
•in  embryos,  the  method  of  Golgi  being  employed. 


OLFACTORY  MEMBEANE. 
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extending  down  towards  the  corium.  The  position  of  the  nuclear 
enlargement  varies,  and  with  it  the  relative  length  of  the  two  processes. 
The  distal  or  free  process  terminates  in  a  small  clear  projection,  which 
passes  beyond  the  cuticular  membrane ;  in  amphibia,  reptiles,  and 
birds,  and  perhaps  also  in  mammals,  it  bears  fine  stiff  hair-like  fila- 
ments. The  proximal  or  varicose  process  becomes  lost  amongst  the 
plexus  of  olfactory  nerve-fibres,  at  the  base  of  the  epithelium ;  it  is 
connected  with  one  of  these  fibres,  and  ultimately  passes  through  the 
cribriform  plate  of  the  ethmoid  to  end  in  an  arborisation  within  one  of 


Fig.  621.— Cells  and  terminal  neeve-fibees  op  the  olfactory  region. 

Highly  magnified. 

1,  from  the  frog ;  2  and  3,  from  man.  In  1  and  2  -.—a,  epithelial  cell,  extending  deeply 
into  a  ramified  process ;  6,  olfactory  cells ;  c,  their  peripheral  rods ;  e,  the  extremi- 
ties  of  these,  seen  m  1  to  be  prolonged  into  fine  haii-s ;  d,  theii-  central  filaments. 
In  3  -.—h,  hairlets ;  c,  free  border  of  cell ;  p,  peripheral  process  :  6,  body  of  cell : 
n,  nerve-fibre.    1  and  2  fi-om  M.  Schultze  ;  3  from  v.  Brunn. 

the  olfactory  glomeruli  (see  diagram,  fig.  582,  p.  496).  These  cells 
have  been  termed  the  olfactory  cells.  2.  Long  columnar  epithelium-cells 
(a),  with  comparatively  broad  cylindrical  nucleated  cell-bodies  placed 
next  to  the  free  surface,  and  long,  forked,  and  branching  tail-like  pro- 
cesses extending  down  to  the  corium.  These  are  regarded  not  as 
sensory  epithelium-cells,  but  merely  as  serving  to  support  the  proper 
olfactory  cells.  They  are  the  columnar  or  sustentacular  cells.  3.  Taper- 
ing cells  are  present,  at  least  in  some  animals,  in  the  deeper  part  of  the 
epithelium.  They  rest  by  their  bases  upon  the  corium,  and  project 
between  the  other  cells,  which  they  assist  to  support. 
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The  m-ium  of  the  olfactory  mucous  membrane  is  also  very  thick 
(fig.  622).  It  contains  numerous  blood-vessels,  bundles  of  the  olfactory 
nerve-fibres  (which  are  non-medullated),  and  a  large  number  of  serous 
glands  known  as  Botvman's  glands  (b),  which  open  upon  the  surface  by 
ducts  which  pass  between  the  epithelium-cells. 


Fig.  622.— Section  of  olfactory  mucous  membrane.  (Cadiat.) 
a,  epithelium  ;  b,  glands  of  Bowman  ;  c,  nerve-buudles. 


THE  EXTERNAL  AND  MIDDLE  EAR. 

The  external  ear  proper  {jniina)  is  composed  of  elastic  fibro-cartilage, 
invested  by  a  thin  closely  adherent  skin.  The  skin  is  covered  by 
small  hairs,  and  connected  with  these  are  the  usual  sebaceous  follicles. 
In  the  lobule  there  is  a  considerable  amount  of  adipose  tissue ;  and 
voluntary  muscular  fibres  are  in  places  attached  to  the  cartilage  of  the 
pinna,  and  are  seen  in  sections. 

The  external  auditory  meatus  is  a  canal  formed  partly  of  cartilage 
continuous  with  that  of  the  pinna,  partly  of  bone.  It.  is  lined  by  a 
prolongation  of  the  skin  and  is  closed  by  the  membrana  tympani, 
over  which  the  skin  is  prolonged  as  a  very  thin  layer.  Near  the 
orifice  the  skin  has  hairs  and  sebaceous  glands,  and  the  meatus  is 
also  provided  throughout  the  cartilaginous  part  with  convoluted  tubular 
glands  of  a  brownish-yellow  colour,  which  yield  a  waxy  secretion 
(cenminous  glands).  They  represent  modified  sweat-glands.  A  section 
of  one  is  represented  in  fig.  623. 

The  tympanum  is  lined  by  a  mucous  membrane  which  is  continuous 
through  the  Eustachian  tube  with   the  mucous  membrane  of  the 
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Fig.  623.— Section  of  oeruminous  gland  of  the  external  ear. 

Photograph. 

d,  duct  of  gland,  having  a  spiral  course  and  therefore  cut  several  times  :  it  is  partly  filled 
with  cerumen  :  gl,  secreting  tubules  of  gland  :  s,  extremity  of  a  tubule  of  a  sebaceous 
gland  which  extended  as  far  as  the  base  of  the  ceruminous  gland. 


Fig.  624.— Section  across  the  cartilaginous  part  of  the  eustachian 

tube.    (Rudinger. ) 

1,  2,  bent  cartilaginous  plate;  3,  muse,  dilatator  tubas;  to  the  left  of  A,  part  of  the 
attachment  of  the  levator  palati  muscle  ;  5,  tissue  uniting  the  tube  to  the  Imse  of  the 
skull ;  C  and  7,  mucous  glands  ;  8,  10,  fat ;  9  to  11,  lumen  of  the  tube  ;  12,  connective 
tissue  on  the  lateral  aspect  of  tijo  tube. 
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pharynx ;  it  is  also  prolonged  into  -the  mastoid  cells.  The  epithelium 
is  columnar  and  ciliated  in  some  parts,  but  in  others — e.g.  roof, 
promontory,  ossicles,  and  membrana  tympani — it  is  a  pavement- 
epithelium. 

The  membrana  tympani  is  a  thin  membrane  formed  of  fibrous 
bundles  which  radiate  from  a  central  depression  (umbo).  Within 
the  radial  fibres  are  a  few  annular  bundles.  Covering  the  fibrous 
membrane  externally  is  a  thin  layer  continuous  with  the  skin  of  the 
meatus ;  covering  it  internally  is  another  thin  layer,  derived  from  the 
mucous  membrane  of  the  tympanic  cavity.  A  few  blood-vessels  and 
lymphatics  are  distributed  to  the  membrane,  chiefly  in  the  cutaneous 
and  mucous  layers. 

The  Eustachian  tube  is  the  canal  leading  from  the  tympanum  to 
the  pharynx.  It  is  formed  of  bone  near  the  tympanum,  but  below, 
near  the  pharynx,  it  is  bounded  partly  by  a  bent  piece  of  cartilage 
(fig.  624,  1,  2),  partly  by  fibrous  tissue.  The  latter  contains  numerous 
mucous  glands  (6,  7),  which  open  into  the  tube,  and  on  the  outer  side 
a  band  of  muscular  tissue  (3)  which  joins  the  tensor  palati.  The 
epithelium  is  ciliated. 
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LESSON  L. 

THE  INTERNAL  EAR. 

1.  Sections  across  one  of  the  membranous  semicircular  canals  of  a  fish 
(skate). 

2.  Longitudinal  sections  through  the  ampulla  of  a  semicircular  canal 
(skate). 

1  and  2  may  be  hardened  in  chromic  and  osmic  acid  (see  below  under  5) 
and  imbedded  in  celloidin. 

The  semicircular  canals  and  their  ampuUse  may  also  be  seen  cut  across  in 
sections  of  the  petrosal  of  the  guinea-pig  or  other  mammal. 

3.  Golgi  preparations  of  the  macula  of  the  utricle  from  the  skate. 

4.  Teased  preparations  of  the  auditory-epithelium  of  an  ampulla  or  of  the 
macula  of  the  utricle,  from  the  skate. 

5.  Vertical  sections  through  the  middle  of  the  cochlea  of  a  mammal 
(guinea-pig). 

The  cochlea  is  put  quite  fresh  into  0*2  per  cent,  chromic  acid  containing 
one-fifth  its  volume  of  1  per  cent,  osmic  acid,  or  into  Flemniing's  solution, 
or  10  per  cent,  formol.  The  decalcification  can  be  effected  by  the  use  of  the 
phloroglucin-nitric  acid  fluid,  or  by  sulphurous  acid.^  When  decalcified,  the 
preparation  is  well  washed,  and  then  transferred  to  alcohols  of  gradually 
inci^easing  strength. 

In  preparing  sections  of  the  above  three  preparations  it  is  advisable,  in 
order  that  the  epithelium  should  be  kept  in  position,  to  imbed  in  celloidin. 
If  the  paraffin  method  of  imbedding  be  used,  the  sections  are  fixed  to  the 
slide  by  an  adhesive  process.  The  organ  should  preferably  be  stained  in 
bulk. 

6.  Teased  preparations  of-  the  epithelium  of  the  organ  of  Corti  from  the 
guinea-pig. 

Both  4  and  6  are  made  from  osmic  preparations. 

Make  sketches  from  all  these  preparations  under  the  high  power.^ 


The  labyrinth,  which  is  the  essential  part  of  the  auditoiy  organ, 
consists  of  a  complex  membranous  tube  lined  by  epithelium  and  tilled 
with  endolymph,  contained  within  a  bony  tube — the  osseous  labyrinth 
— of  corresponding  complexity  of  shape  (figs.  625,  626).  The  mem- 
branous labyrinth  does  not  wholly  fill  the  bony  cavity ;  the  rest  of  the 

^See  Appendix. 

2  For  details  of  the  somewhat  complicated  methods  of  obtaining  the  various  parts 
of  the  labyrinth  for  microscopical  examination,  the  student  is  referred  to  the 
author's  C'otirse  of  Practical  Histology. 
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space  is  occupied  by  perilymph.  The  membranous  labyrinth  (fig.  625) 
is  composed  of  the  utricle  (n),  and  the  three  semicircular  canals  (each 
with  an  enlargement  or  amptilla  which  opens  into  it),  the  saccule  (s),  and 
the  canal  of  the  cochlea  (c.c). 

The  branches  of  the  auditory  nerve  pass  to  certain  parts  only  of  the 
membranous  labyrinth,  viz.  the  maculae  of  the  utricle  and  saccule,  the 


Fig.  625.— Plan  of  the  right  membranous  labyrinth  viewed  from 

THE  mesial  aspect. 

1 

u,  utricle,  with  its  macula  and  s.s.c,  p.s.c,  and  e.s.c,  the  three  semicircular  canals  with 
their  ampuUse  ;  s,  saccule  ;  tiij.t).,  aquseductus  vestibuli ;  s.e.,  saccus  endolymphaticus  • 
c.r.,  canalis  reuniens ;  c.c,  canal  of  the  cochlea.  ' 
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Fig.  626. — View  of  the  interior  of  the  left  osseous  labyrinth. 

The  bony  wall  of  the  labyrinth  is  removed  superiorly  and  externally.  1,  fovea  hemi- 
elliptica ;  2,  fovea  hemisphferica ;  3,  common  opening  of  the  superior  and  posterior 
semicircular  canals  ;  4,  oj)ening  of  the  aqueduct  of  the  vestibule  ;  5,  the  superior, 
G,  the  posterior,  and,  7,  the  external  semicircular  canals  ;  8,  sjjiral  tube  of  the 
cochlea  ;  9,  scala  tympani ;  10,  scala  vestibuli. 

ciistse  of  the  ampullae,  and  along  the  whole  length  of  the  canal  of 
the  cochlea  (the  shaded  parts  in  fig.  625). 

At  these  places  the  lining  epithelium  is  specially  modified  to  form  a 
sensory  or  nerve-epithelium ;  elsewhere  it  is  a  simple  pavement- 
epithelium. 


UTKICLB  AND  SACCULE. 
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UTRICLE  AND  SACCULE  WITH  SEMICIRCULAR  CANALS. 

The  membranous  semicircular  canals  and  the  utricle  and  saccule 

are  composed  of  fibrous  tissue,  which  is  adherent  along  one  side  to  the 
endosteum  of  the  bony  canal ;  from  the  opposite  side  bands  of  fibrous 


end 

Fig.  627.— Section  of  a  semicircular  canal,  new-born  child.  (Sobotta.) 

x55. 

c.t.i  connective-tissue  strands,  between  membranous  canal  and  endosteum  of  bony  canal ; 
m,  membranous  canal ;  6,  wall  of  bony  canal ;  c,  remains  of  foetal  cartilage ;  end, 
endosteum ;  v,  blood-vessels. 

tissue  pass  across  the  perilymph  (fig.  627).  Within  the  fibrous  mem- 
brane is  a  thick  clear  tunica  propria,  which,  in  the  semicircular  canals, 
may  form  papilliform  elevations  in  the  intei^ior  of  the  tube. 

The  places  of  entrance  of  the  nerve-fibres  are  marked  in  each 
ampulla  by  a  transverse,  inwardly  projecting  ridge  (crista),  in  the 
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saccule  and  utricle  by  a  thickening  of  the  tunica  propria  {mmula). 
The  epithelium  at  these  places  is  formed  of  columnar  cells  (fig.  628), 
which  are  surmounted  by  long,  stiff,  tapering  hairs  {auditmy  Jutirs, 
fig.  628,  h ;  fig.  629).  Around  these  hair-cells  the  axis-cylinders  of  the 
nerve-fibres  ramify  (fig.  630) ;  they  are  therefore— like  the  gustatory 
cells  of  the  taste-buds— sensory  epithelium-cells.  Between  them  are  a 
number  of  thin  and  somewhat  rigid  nucleated  cells  {fih-e-ceUs  of  Ritzius), 


Fig.  628. — Longitudinal  section  of  an  ampulla  of  a  fish  through  the 

CRISTA  ACUSTICA  (DIAGRAMMATIC). 

amp.,  cavity  of  the  ampulla;  sec,  semicircular  canal  opening  out  of  it;  c,  connective 
tissue  attached  to  the  wall  of  the  membranous  ampulla  and  traversing  the  perilymph  ; 
e,  e,  flattened  epithelium  of  ampulla  ;  h,  auditory  hati-s  projecting  from  the  columnar 
cells  of  the  auditory  epithelium  into  the  cupula,  cup.Urm.  ;  v,  blood-vessels  ;  n,  nerve- 
fibres  entering  the  base  of  the  crista  and  passing  into  the  columnar  cells. 

Avhich  rest  upon  the  basement-membrane,  and  are  connected  at  their 
free  extremity  with  a  cuticular  membrane,  through  which  the  auditory 
hairs  project. 

The  auditory  hairs  do  not  jut  freely  into  the  endolymph,  but  into  a 
soft  mucus-like  substance,  of  a  dome-like  form  in  the  ampullae  (cupula 
terminalis,  figs.  628,  629),  and  which  in  the  saccule  and  utricle  has  a 
mass  of  calcareous  particles  {otoliths)  imbedded  in  it. 
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Fig.  629. — Section  of  ampulla  of  guixka-pig.    Photogiaphed  from  a 
preparation  by  H.  Pringle. 

e,  epithelium,  becoming  columnar  over  the  crista,  where  the  cells  are  furnished  with 
hairlets  ;  c,  corium  of  delicate  connective  tissue,  with  the  nerve-fibres  passing  to  the 
epithelium  ;  b,  bone,  with  canals  containing  bundles  of  nerve-fibres. 


Fig.  630.— Neeve  terminations  in  macula:  golgi  method,    (v.  Lenhossdk.), 
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COCHLEA. 

The  cochlea  consists  of  a  bony  tube  coiled  spirally  around  an  axis 
which  IS  known  as  the  cohmella  (figs.  631,  632).  The  tube  is  divided 
longitudinally  by  a  partition  which  is  formed  partly  by  a  projecting 
lamina  of  bone  {spiral  lamim),  partly  by  a  flat  membrane  {basilar 


mR 


■str.  0. 


gap 


w  n 


Fig.  631. — Section  through  the  cochlea  of  the  cat.   (Sobotta.)  x25. 

dc,  duct  of  cochlea  ;  scv,  scala  vestibuU  ;  scl,  scala  tympaiii ;  ?f,  bony  wall  of  cochlea  ;  C, 
organ  of  Corti  on  membrana  basilaris  ;  ?);/{,  membrane  of  Reissner  ;  n,  nerve-fibres  of 
cochlear  nerve  ;  gsp,  ganglion  spirale  ;  stv.v.,  stria  vascularis. 

membrane),  into  two  parts  or  scalce ;  the  upper  (supposing  the  cochlea 
resting  base  downwards)  being  termed  the  scala  vestibidi,  the  lower  scala 
tyrapani;  the  latter  is  closed  near  its  larger  end  by  the  membrane  of 
the  fenestra  rotunda.  The  scalae  are  lined  by  endosteum,  and  are 
filled  with  perilymph,  continuous  with  that  of  the  rest  of  the  osseous 
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labyrinth  at  the  commencement  of  the  scala  vestibuli ;  they  communi- 
cate at  the  apex  by  an  opening,  the  helicotrema. 

The  scala  vestibuli  does  not  occupy  the  whole  of  that  part  of  the 
bony  tube  of  the  cochlea  which  is  above  the  partition.  Its  outer  and 
lower  third  is  cut  off  by  a  delicate  connective-tissue  membrane 
{membrane  of  Eeissner,  fig.  633,  B),  which  springs  from  near  the  end 
of  the  spiral  lamina,  and  passes  upwards  and  outwards  to  the  outer 
wall,  thus  separating  a  canal  (d.c.)  triangular  in  section,  which  is 
lined  by  epithelium,  and  represents  the  membranous  labyrinth  of  the 
cochlea  (dud  or  canal  of  the  cochlea). 


canal  of  scala  membrane  of 
the  cochlea  vestibuli  Reissner 


gan-  gan-  membrane  of  membrana 
glion        glion       Reissner  tectoria 


membrane 


ganglion 


scala  basilar 
tympani  membrane 


Fig.  632. — Vertical  section  through  the  middle  of  the  human  cochlea. 

Diagrammatic. 


Canal  of  the  cochlea. — The  floor  of  the  canal  of  the  cochlea  is  formed 
(1)  of  the  extremity  of  the  spiral  lamina,  which  is  thickened  above  by 
a  peculiar  kind  of  connective  tissue,  forming  an  overhanging  projection 
known  as  the  limbus  (fig.  633, 1) ;  and  (2)  of  the  basilar  membrane  (b.m.), 
which  stretches  across  from  the  end  of  the  bony  lamina  to  the  outer 
wall,  and  is  attached  to  this  by  a  projection  of  reticular  connective 
tis.sue  termed  the  sjnrul  ligament  (l.sj}). 

The  basilar  membrane  is  composed  of  stiff  straight  fibres,  which  extend 
fi'om  within  out,  and  are  imbedded  in  a  homogeneous  substance.  The 
membrane  is  covered  below  by  a  layer  of  connective  tissue  continu- 
ous with  the  endosteum  of  the  scala  tympani ;  above,  the  modified 
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epithelium  which  forms  the  wgan  of  Corti  rests  upon  it.  It  becomes 
gradually  broader  in  the  upper  turns  of  the  cochlea  (rather  more  than 
twice  as  broad  in  the  uppermost  as  in  the  lowermost  turn),  and  its 
constituent  fibres  become  therefore  gradually  longer. 


Fig.  633. —Vertical  section  of  the  first  turn  of  the  human  cochlea. 

(G.  Refczius.) 

s.v,  scala  vestibuli ;  s.t,  scala  tympaiii ;  d.c,  canal  or  duct  of  the  cochlea ;  sjj.l,  spii-al  lamina  ; 
n,  nerve-fibres;  l.ap,  spiral  ligament;  sir.v,  stria  vascularis;  s.sp,  spiral  sulcus;  J{, 
section  of  Reissner's  membrane  ;  I,  limbus  laminae  spiralis  ;  m.t,  membrana  tectoria ; 
tC,  tunnel  of  Corti ;  b.m,  basilar  membrane  ;  h.i,  li.e,  intcnial  and  external  hair-cell-s. 


Fig.  634.— a  pair  of  rods  of  coeti,  from  the  rabbit's  cochlea,  in  side 

VIEW.    Highly  magnified. 

b,  b,  basilar  membrane  ;  i.r.,  inner  rod  ;  e.r.,  outer  rod.    The  nucleated  protoplasmic 
masses  at  the  feet  are  also  shown. 

The  organ  of  Corti  consists  of  the  following  structures  : 
1.  The  rods  of  Oarti,  two  series  (inner  and  outer)  of  stiff,  striated 
structures,  of  a  peculiar  shape,  the  inner  somewhat  like  a  human  ulna, 
the  outer  like  a  swan's  head  and  neck  (fig.  634).    They  rest  by  one 
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extremity  (the  foot)  on  the  basilar  membrane  a  short  distance  apart, 
and  are  inclined  towards  one  another,  their  larger  ends  (heads)  being 
jointed  together ;  the  series  of  rods  thus  inclose  a  sort  of  tunnel,  the 
floor  of  which  is  formed  by  a  part  of  the  basilar  membrane  (fig.  636). 
Close  to  their  feet  may  usually  be  seen  the  remains  of  the  cells  from 
which  they  have  been  formed.  The  inner  rods  are  narrower  and 
rather  more  numerous  than  the  outer.  The  head  of  each  outer  rod 
has  a  process  which  extends  outwards  and  is  known  as  the  phalangeal 
process.    This  forms  part  of — 

2.  A  reticular  lamina  (fig.  636,  l.r.),  which  is  a  cuticular  structure 
extending  like  a  wire-net  over  the  outer  epithelium-cells  of  the  organ 


Limbus. 


Membrana  tectoria. 


Outer  hair-cells. 


Inner    Blood-     Basilar  Outer 
rod.     vessel,  membrane,     rod.     Cdls  of 

Deiters. 

Fig.  635.— Section  through  the  oegan  op  coeti  of  the  human  cochlea. 
(G.  Retzius.)    Highly  magnified. 

of  Corti,  and  is  composed  of  two  or  three  series  of  stiff  fiddle-shaped 
rings  (phalanges)  cemented  together  in  such  a  manner  as  to  leave 
square  or  oblong  apertures  through  which  the  hair-cells  (see  below) 
project. 

3.  The  outer  hair-cells  placed  external  to  the  rods  of  Corti.  These 
are  epithelium -cells  of  columnar  shape,  arranged  in  three  or  four  series 
(fig.  635).  The  free  extremity  of  the  cell  is  surmounted  by  a  bundle 
of  short  auditwy  hairs,  and  projects  through  one  of  the  apertures  in 
the^  reticular  lamina;  the  fixed  extremity  is  prolonged  into  a  stiff 
cuticular  process,  which  is  attached  to  the  basilar  membrane.  Between 
them  are  other  supporting  cells  which  are  tapered  in  the  same  manner, 
but  rest  by  their  larger  end  upon  the  basilar  membrane,  and  are 
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Fig.  636.— Semi-diasrammatic  view  of  part  of  the  basilar  membrane 

AND   tunnel   of   CORTI  OF  THE   RABBIT,    FROM  ABOVE    AND    THE  SIDE. 

Much  magnified. 

I,  limbus  ;  Oi:,  extremity  or  crest  of  limbus  witb  tootb-like  proioctions  ;  h,  basilar  mem- 
brane ;  sp.l.,  spii-al  lamina  with,  p,  perforations  for  transmission  of  nerve-fibres; 
i.r.,  fifteen  of  the  inner  rods  of  Corti ;  h.i.,  their  flattened  heads  seen  from  above; 
C.I'.,  nine  outer  rods  of  Corti ;  h.e.,  their  heads,  with  the  phalangeal  processes  extend- 
ing outward  from  them  and  forming,  with  the  two  rows  of  phalanges,  the  lamina 
reticularis,  I.r. 


Fig.  637.  Fig.  638. 


Fig.  637.— Four  cells  of  deiters  from  the  rabbit.    (After  G.  Retzius.) 

Highly  magnified. 

The  varicose  Unes  are  nerve-fibrils.    The  phalangeal  processes  are  attached  above 
to  a  portion  of  the  lamina  reticularis. 


Fig  638.— General  view  of  the  mode  of  distribution  of  the  cochlear 

NERVE,  all  the  OTHER  PARTS  HAVING  BEEN  REMOVED.  (Arnold.) 
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prolonged  above  into  a  cuticulai'  process  which  is  attached  to  the 
reticular  lamina  {cells  of  Beiters,  iigs.  635,  637). 

4.  The  inner  hair-cells  (fig.  635),  placed  internal  to  the  rods  of  Corti. 
They  form  a  single  series  of  columnar  cells  surmounted  by  auditory 
hairs,  lying  in  close  apposition  to  the  inner  rods. 

The  remaining  epithelium -cells  have  no  important  characteristics. 
They  are  long  and  columnar  next  to  the  outer  hair-cells,  but  soon 


Fig.  639. — Ending  of  some  of  the  fibres  of  the  cochlear  nerve  amongst 

THE  HAIR-CELLS.     (G.  Eetzius.) 

This  preparation  is  made  by  Golgi's  method,  and  is  viewed  from  above,    g,  a  cell 
belonging  to  the  spiral  ganglion. 


diminish  in  size,  becoming  cubical,  and  in  this  form  they  are  con- 
tinued over  the  outer  Avail  of  the  cochlear  canal.  Here  they  cover 
a  very  vascular  membrane  {stria  vascularis,  fig.  633,  sir. v.),  which  is 
frequently  pigmented ;  its  capillary  blood-vessels  penetrate  between 
the  epithelium-cells.  Internal  to  the  inner  hair-cells  the  epithelium 
also  soon  becomes  cubical ;  it  is  prolonged  in  this  form  over  the  limbus 
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of  the  spiral  lamina.  The  epithelium  of  Reisener's  membrane  is  of 
the  pavement  variety. 

The  memhrana  tedwia  (figs.  633,  635)  is  a  soft,  fibrillated  structure, 
which  is  attached  along  the  upper  surface  of  the  limbus  where  it  is 
thin :  it  lies  like  a  pad  over  the  organ  of  Corti.  It  thins  out  some- 
what towards  the  distal  margin,  here  becoming  somewhat  reticular, 
and,  according  to  Retzius,  it  is  attached  to  the  lamina  reticularis.  In 
sections  it  usually  appears  raised  a  short  distance  above  the  auditory 
hairs,  but  it  is  probable  that  it  always  rests  upon  them  during  life. 

The  fibres  of  the  cochlear  branch  of  the  auditory  nerve  enter  the 
base  of  the  columella,  and  run  in  canals  through  its  substance  (figs. 
631,  632),  being  gradually  deflected  outwards  as  they  pass  upwards 
into  the  spiral  lamina,  at  the  base  of  which  they  swell  out  into  a 
ganglionic  cord  {spiral  ganglion).  The  fibres  take  origin  from  the  cells 
of  this  ganglion. 

After  traversing'  the  spiral  lamina  they  emerge  in  bundles,  and 
the  fibres  then,  having  lost  their  medullaiy  sheath,  pass  into  the 
epithelium  of  the  inner  hair-cell  region.  Here  some  of  them  course 
at  right  angles  and  are  directly  applied  to  the  inner  hair-cells,  whilst 
others  cross  the  tunnel  of  Corti,  to  become  applied  in  like  manner 
to  the  outer  hair-cells  and  the  cells  of  Deiters  (figs.  635,  639).  They 
apparently  lie  between  and  in  close  contact  with  these  cells,  but  there 
does  not  appear  to  be  any  direct  continuity  between  the  nerve-fibrils 
and  the  cell-substance. 
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APPENDIX. 

Mounting  solutions : — 1.  Normal  salt  solution. — A  0'6  to  0"9  per  cent, 
solution  of  common  salt  is  used  in  place  of  serum  for  mounting  fresh 
tissues  for  immediate  examination.  The  lower  percentage  is  used  for 
frog's  tissues,  the  higher  for  mammals.  Ringer's  solution  (see  p.  30, 
footnote),  may  in  many  cases  be  substituted  for  normal  salt  solution  with 
advantage.  Preparations  mounted  in  these  solutions  cannot  be  preserved 
permanently. 

2.  Glycerine,  diluted  with  an  equal  quantity  of  water.  The  cover-glass 
may  be  fixed  by  gold  size. 

3.  Canada  balsam,  from  which  the  volatile  oils  have  been  driven  off  by 
heat,  dissolved  in  xylol. 

4.  Dammar  varnish,  made  by  dissolving  dammar  resin  in  xylol.  The 
solution  is  filtered  through  paper  wetted  with  chloroform.  This  is  used 
for  the  same  purposes  as  xylol  balsam  and  has  the  advantage  of  remaining 
colourless,  whereas  Canada  balsam  becomes  yellow  with  keeping. 

5.  Acetate  of  potassium,  a  nearly  saturated  solution.  This  is  the  best 
medium  for  osmic  preparations  and  for  iodine-stained  liver,  to  show 
glycogen  within  the  cells.  The  cover-glass  may  be  fixed  by  soluble  glass 
or  l)y  gold  size. 

General  methods  of  preserving  and  hardening  tissues  and  organs.^ — 

The  following  fluids  may  be  used :  Alcohol  (75  per  cent,  to  absolute)  ; 
acetone  ;  Carnoy's  fluid  (absolute  alcohol  60  c.c,  chloroform  30  c.c,  glacial 
acetic  acid  10  c.c.)  ;  formol  (diluted  with  from  9  to  99  parts  of  water)  ; 
corrosive  sublimate  (saturated  solution) ;  chromic  acid  solution  (1  in 
200  to  1  in  500,  to  which  glacial  acetic  acid  may  advantageously  be 
added  in  the  proportion  of  2  parts  acetic  acid  to  1000  chromic  solution)  ; 
picric  acid  solution  (saturated,  either  alone  or  containing  2  parts  of  nitric  or 
sulphuric  acid  to  1000)  ;  Mann's  fluid  (a  mixture  of  equal  parts  of  saturated 
aqueous  solutions  of  mercuric  chloride  and  picric  acid)  ;  osmic  acid,  solution 
(1  per  cent.) ;  bichromate  of  potassium  solution  (3  per  cent.),  to  which  for 
more  rapid  hardening  glacial  acetic  acid  may  be  added  to  the  extent  of  5  per 
(•ent.  or  less  ;  MuUer's  fluid  (bichromate  of  potash  2^  parts,  sulphate  of  soda 
1  part,  water  100  parts);  Zenker's  fluid  (which  is  Mliller's  fluid  containing 
5  parts  per  cent,  of  mercuric  chloride,  to  which  5  c.c.  of  acetic  acid  is  added 

'  Details  of  the  methods  of  preparing  fixing  and  staining  sohitions,  as  well  as  a 
discussion  of  the  theorj-  of  their  action,  will  be  found  in  Mann's  PhysioLonical  Histoloav. 
Oxford,  1902. 

2m 
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at  the  time  of  using) ;  and  mixtures  of  Mullei-'s  fiuid  and  osmic  acid  1  per 
cent,  in  varying  proportions. 

It  is  best,  if  possible,  to  inject  the  fluid  used  for  hardening  into  the  blood- 
vessels after  washing  them  out  with  warm  normal  saline  ;  if  this  is  not 
possible,  very  small  pieces  of  tissue  should  be  taken,  and  always  a  consider- 
able amount  of  the  hardening  fluid. 

The  fluid  of  most  general  application  is  formol.  This  is  a  40  per  cent, 
solution  of  formaldehyde.  Mixed  in  the  proportion  of  10  parts  formol  ta 
90  water,  it  penetrates  readily  and  hardens  quickly.  The  tissue  may  remain 
in  formol  a  few  days  and  should  then  be  transferred  to  alcohol.  For  rapid 
fixation  a  very  small  piece  of  the  tissue  is  placed  in  10  per  cent,  formol 
and  warmed  to  a  temperature  of  about  40°  or  50° ;  it  will  be  sufficiently 
hardened  in  half  an  hour,  and  may  then  be  transferred  first  to  weak  and 
then  gradually  to  absolute  alcohol,  so  that  it  is  ready  for  the  preparation  of 
sections  in  about  an  hour. 

Pure  acetone  is  also  of  utility  for  rapid  fixation  and  hardening.  Small 
pieces  of  the  tissue  are  dropped  into  a  large  amount  of  acetone,  which  not 
only  fixes  and  hardens  but  also  dehydrates,  so  that  the  tissue  can  be  trans- 
ferred in  an  hour  or  so  direct  to  molten  paraffin  for  embedding.  But  much 
better  results  are  got  by  placing  in  10  per  cent,  formol  for  thirty  minutes 
before  transferi'ing  to  acetone. 

For  preserving  the  structure  of  cells  and  nuclei,  one  of  the  best  fixing 
fluids  is  that  recommended  by  Flemuiing.  This  consists  of  15  vols,  of  1  per 
cent,  chromic  acid,  4  vols,  of  2  per  cent,  osmic  acid,  and  1  vol.  glacial  acetic 
acid.  It  must  be  freshly  prepared.  It  is  sometimes  diluted  with  from  two 
to  five  times  its  bulk  of  water  before  use.  One  or  two  days  is  sufficient  for 
fixation  and  hardening.  The  tissue  should  be  washed  for  several  hours  in 
running  water  after  removal  from  the  mixture,  and  then  placed  in  dilute 
alcohol.  Tissues  fixed  in  any  mixture  containing  osmic  acid  stain  with 
difficulty.  The  best  stains  for  use  in  this  case  are  safi'ranin,  gentian 
violet,  or  carmalum.  Carnoy's  fluid  (see  previous  page)  is  in  many  cases  ex- 
cellent for  cell-structure  and  mitotic  changes,  and  very  rapid  in  its  action. 

Tissues  to  be  hardened  in  alcohol  are  usually  placed  at  once  in  absolute 
alcohol,  but  for  some  tissues  it  is  best  to  begin  with  50  per  cent,  alcohol, 
and  pass  the  pieces  through  successive  grades  of  75  per  cent.,  95  per  cent., 
into  absolute  alcohol,  leaving  them  a  few  hours  in  each.  They  are  ready  for 
cutting  as  soon  as  they  are  dehydrated,  but  as  a  rule  they  may  be  left 
a  long  time  in  alcohol  without  deterioration.  Organs  which  contain  much 
fibrous  tissue,  such  as  the  skin  and  tendons,  should  not  go  into  stronger 
alcohol  than  about  80  or  90  per  cent.  ;  otherwise  they  become  too  hard 
to  cut.  Alcohol  is  generally  used  after  the  other  fixing  reagents,  partly 
to  complete  the  hardening,  partly  on  account  of  its  dehydrating  property, 
since  previous  to  embedding  in  paraffin  all  trace  of  water  umst  be  eliminated 
from  the  tissue.  If  mercuric  chloride  be  used  for  hardening,  tincture  of 
iodine  must  be  added  to  the  alcohols  subsequently  used  (except  the  final 
alcohol),  to  get  rid  of  the  excess  of  sublimate.  Mercuric  chloride  in  alcohol 
(saturated  solution)  is  one  of  the  most  rapid  fixing  and  hardening  reagents, 
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and  may  be  used  if  sections  are  desired  within  a  very  short  time.  It  can  also 
be  used  in  place  of  alcohol  and  ether  mixture  for  fixing  blood  films  (Lesson  II., 
§  5),  in  which  case  it  may  be  saturated  with  eosin,  and  used  for  fixing  and 
staining  at  the  same  time.    An  immersion  of  5  minutes  is  sufficient. 

Many  tissues  can  be  instantly  hardened  by  being  plunged  for  a  minute 
into  boiling  water  and  then  placed  in  alcohol  :  this  is  not,  however,  a  good 
method  for  glandular  organs. 

For  tissues  that  are  to  be  hardened  in  chromic  acid  an  immersion  of  from 
seven  to  fourteen  days  is  generally  necessary  :  they  may  then,  after  washing 
for  some  hours  or  days  in  tap- water,  be  placed  in  alcohol  for  preservation 
and  to  complete  the  process  of  hardening.  The  alcohol  should  be  changed 
once  or  twice. 

Organs  placed  in  bichromate  of  potassium  or  Mliller's  fluid  are  ready  for 
section  in  a  fortnight  or  three  weeks  ;  they  may,  however,  be  left  for  a 
much  longer  time  in  those  fluids  without  deterioration. 

With  picric  acid  the  hardening  process  is  generally  complete  in  two 
or  three  days  ;  the  organs  may  then  be  transferred  to  alcohol,  which 
ought  to  be  frequently  changed. 

The  hardening  of  the  brain  and  spinal  cord  in  Miiller's  fluid  takes  from 
three  weeks  to  as  many  months.  It  can  be  hastened  by  warmth,  and  by 
the  addition  of  acetic  acid,  or  by  placing  small  pieces  in  Marchi's  solution 
(see  below),  after  they  have  been  a  week  or  ten  days  in  Miiller's  fluid. 

Tissues  containing  calcareous  matter,  e.g.  bone  and  tooth,  may  be  rapidly 
decalcified  in  a  solution  made  by  dissolving,  with  the  aid  of  heat,  1  grm. 
phloroglucin  in  10  c.c.  nitric  acid,  and  filling  up  to  100  c.c.  with  water, 
to  which  juore  nitric  acid  may  be  added  if  desired.  Another  rapid  decalci- 
fying fluid  is  commerical  sulphurous  acid  solution.  If  it  is  desired  to 
preserve  the  soft  parts  within  the  bone,  it  should  first  be  placed  for  a 
few  hours  in  10  per  cent,  formol.  For  decalcifying  more  slowly  a  1  to 
5  per  cent,  solution  of  nitric  acid  in  water  or  alcohol,  a  saturated  solution 
of  picric  acid  containing  a  superabundance  of  crystals,  or  a  1  per  cent, 
solution  of  chromic  acid  are  employed. 

Embedding  of  hardened  tissues,  and  preparation  of  sections.— 
Sections  are  most  advantageously  made  with  some  form  of  microtome.  It 
is  generally  needful  to  support  the  hardened  tissue  whilst  it  is  being  cut, 
and  with  this  object  it  is  embedded  in  some  substance  which  is  applied 
to  it  in  the  fluid  condition  and  becomes  solid  on  standing.  The  embedding 
substance  can  either  simply  inclose  the  tissue,  or  the  tissue  may  be  soaked 
in  it ;  the  latter  method  is  the  one  commonly  employed. 

The  embedding  substance  chiefly  used  is  paraffin  of  about  50°  C.  melting 
point.  The  precise  temperature  depends  upon  that  of  the  atmosphere.  In 
summer  a  paraffin  of  higher  melting  point  may  be  required. 

Embedding  in  paraffin. — Before  being  soaked  in  melted  paraffin,  the 
piece  of  tissue  may  be  stained  in  bulk  (see  p.  553) ;  it  is  then  dehydrated  by 
a  series  of  alcohols  (50  per  cent.,  75  per  cent.,  95  per  cent.),  finishing  up 
with  absolute  alcohol  ;  after  which  it  is  soaked  in  cedar-wood  oil,  xylol, 
or  chloroform.    It  is  now  transferred  to  molten  paraffin,  which  should 
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not  be  too  hot,  and  is  soaked  in  this  for  one  or  several  hours,  according 
to  thickness.  Very  delicate  objects  are  sometimes  passed  through  a 
solution  of  paraffin  in  chloroform.  When  thoroughly  impregnated  with 
the  paraffin  the  object  is  placed  in  a  mould  or  glass  which  has  been 
smeared  with  glycerine,  and  is  covered  with  molten  paraffin  which  is 
allowed  to  cool  quickly.  A  square  block  of  the  paraffin  containing  the 
tissue  is  then  fixed  in  the  desired  position  on  the  microtome,  thin 
sections  are  cut  and  fixed  to  a  slide  (see  below),  the  paraffin  dissolved 
out  by  turpentine  or  xylol,  and  the  sections  mounted  in  Canada  balsam 
or  dammar. 

If  it  be  desired  to  cut  a  riband  of  successive  sections,  and  the  paraffin 
used  prove  too  hard  for  them  to  stick  to  one  another  at  the  edges,  a 
paraffin  of  lower  melting  point  (40°  C.)  is  smeared  over  the  opposite  sides 
of  the  block ;  the  sections  then  adhere  together  as  they  are  cut. 

Preparation  of  frozen  sections.— The  bichromatic  solutions  and  formol  are 
the  best  fluids  to  use  for  preserving  tissues  which  are  to  be  frozen  in 
place  of  being  embedded.  Any  alcohol  employed  for  fixation  should  be 
thoroughly  washed  out  with  water.  The  tissue  is  soaked  in  gum-water 
before  being  placed  upon  the  freezing  microtome.  A  thin  syrup  of  either 
gum  arable  or  dextrin  may  be  used. 

Embedding  in  celloidin. — The  piece  to  be  embedded  is  dehydrated  by 
alcohol,  and  is  then  placed  over  night  in  a  solution  of  celloidin  in  alcohol 
and  ether  similar  to  ordinary  collodion,  and  afterwards  in  collodion  of 
double  strength.  After  twenty-four  hours  more  it  is  removed  from  the 
celloidin  (collodion)  and  placed  upon  a  wood  or  metal  holder.  When  the 
celloidin  is  set  by  eva^Doration  of  its  ether  the  holder  is  plunged  in 
alcohol  (85  per  cent.)  ;  after  a  few  hours  sections  may  be  cut  with  a 
knife  wetted  with  spirit  of  the  same  strength.  The  sections  are  placed 
in  95  jaer  cent,  alcohol  ;  then  jDassed  through  cedar-wood  oil  or  bergamot 
oil  into  xylol  balsam.  They  must  not  go  into  clove-oil,  nor  into  absolute 
alcohol.  The  advantage  of  the  method  is  that  the  celloidin,  which  is 
quite  transparent,  need  not  be  got  rid  of  in  mounting  the  sections,  and 
serves  to  keep  the  parts  of  a  section  together  ;  it  is  thus  very  useful  for 
friable  tissues  or  for  large  sections.  The  tissue  may  either  be  stained  in 
bulk  before  embedding,  or  the  sections  may  be  stained. 

Microtomes. — A  section-cutting  apparatus  or  microtome  is  essential  for 
histological  work.  Useful  instruments  for  students  are  the  Cathcart  micro- 
tome for  freezing  and  the  tripod  microtome  for  objects  which  have  been 
embedded  in  paraffin. 

The  tripod  microtome  is  a  simple  and  efficient  little  instrument,  and  has 
the  advantage  of  being  inexpensive.  It  consists  of  a  metal  frame  (fig.  640) 
in  which  the  razor  is  fixed,  provided  with  a  micrometer  screw  by  which 
the  height  of  the  razor-edge  is  adjusted.  The  paraffin  block  containing  the 
tissue  is  fixed  by  the  aid  of  heat  on  a  flat  piece  of  glass  over  which  the 
tripod  slides.    The  razor-edge  is  lowered  after  each  successive  section. 

In  the  Cathcart  freezing  microtome  (fig.  641)  the  tissue,  after  being  soaked 
in  gum-watei',  is  placed  on  a  metal  plate  and  frozen  by  playing  an  ether- 
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spray  on  the  under  surface  of  the  plate.  The  plate  is  moved  upwards  by  a 
finely-cut  screw,  and  the  knife  or  plane  used  to  cut  the  sections  is  guided 
over  the  plate  by  passing  over  glass  slips.  In  the  Williams  microtome  the 
freezing  agent  is  ice  and  salt  mixture.    In  using  any  freezing  microtome^ 


Fig.  640.— Teipod  mickotojie.    (Birch's  pattern.) 


Fig.  641.— Cathoaet  freezing  miorotomtc. 
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especially  for  the  nervous  system,  it  is  important  not  to  freeze  the  tissue 
too  hard,  or  the  section  will  roll  up. 

Somewhat  more  expensive  and  complicated,  but  also  more  efficient,  instru- 
ments are  the  rocking  microtome  of  the  Cambridge  Scientific  Instrument 
Company  (fig.  642)  and  the  microtomes  designed  by  C.  S.  Minot  and  by 


Fig.  642.— Rocking  micbotome. 


Fig.  643.— Minot's  Automatic  eotart  miceotome. 
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Delepine.  The  action  of  all  of  these  is  automatic.  For  example,  with  the 
rockei'  microtome  every  to-aud-fro  movement  of  the  handle,  h,  not  only  cuts 
a  section  of  the  tissue  of  definite  thickness,  but  also  moves  the  paraffin  block 
forwards  in  readiness  for  the  next  section.    And  by  employing  a  rectangular 


Fig.  645. — Inclined  plane  mioeotome. 


block  of  paraffin  of  the  proper  consistency,  a  long  series  of  sections  of  the 
same  object,  of  equal  thickness,  can  be  obtained  and  made  to  adhere  together 
in  a  riband  (as  shown  in  fig.  642).  The  sections  can  be  kept  in  series  upon  the 
slide  by  the  employment  of  some  adhesive  method  of  mounting  the  riband. 

For  celloidin-embedded  preparations  it  is  necessary  to  cut  the  sections 
with  a  knife  kept  wetted  with  spirit.    For  this  purpose  a  sliding  micro- 
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tome  (figs.  644,  645),  in  which  the  knife  or  razor  is  moved  horizontally  over 
the  tissue,  with  the  edge  obliquely  inclined  to  the  direction  of  movement  is 
the  moat  useful.  The  best  arrangement  for  this  purpose,  especially  for 
large  sections  of  brain,  is  one  in  which  the  celloidin-soaked  object  is 
immersed  in  spirit  during  the  actual  process  of  making  the  sections.  It  is 
all-important  for  every  kind  of  microtome  that  the  knife  should  be  in 
perfect  oi'der. 

Methods  of  mounting  in  xylol  balsam  or  dammar.— Individual  paraffin- 
cut  sections  or  ribands  of  sections,  such  as  are  cut  with  the  rocking  and 
other  microtomes,  are  fixed  to  a  slide  or  cover-glass— as  a  preliminary  to  being 
treated  with  stains  and  other  fluids — in  the  following  way  :  The  slide  (or 
cover-glass),  after  having  been  carefully  cleaned,  is  smeared  very  thinly  with 
fresh  white  of  egg  :  this  can  be  done  with  the  finger  or  with  a  clean  rag, 
and  the  slides  may  be  put  aside  to  dry,  protected  from  dust.  It  is  con- 
venient to  prepare  a  large  number  of  slides  at  a  time  in  this  way,  and  to 
keep  them  at  hand  in  a  suitable  receptacle.  When  required  for  use  a  little 
water  is  poured  on  to  the  slide  and  the  riband  of  sections  is  placed  on  the 
water,  which  is  then  warmed  on  a  hot  jalate  or  over  a  small  flame  until  the 
paraffin  becomes  flattened  out,  without  actually  melting.  The  water  is  then 
drained  ofi^,  the  slide  put  in  a  warm  place  for  the  reiuainder  of  the  water  to 
evaporate  (this  will  take  from  half  an  hour  to  an  hour  according  to  the 
size  of  the  section  and  the  temperature  at  which  it  is  kept),  and  then  heated 
sufficiently  to  melt  the  paraffin.  It  is  next  immersed  in  xylol  to  -remove 
the  paraffin,  after  which  the  sections  maj^,  if  already  stained,  be  mounted  at 
once  in  xylol  balsam  or  dammar  ;  if  not  stained,  treat,  after  xylol,  fii'st  with 
absolute  and  then  with  gradually  lower  grades  of  alcohol,  then  water,  and 
then  stain,  and  finally  pass  through  water,  alcohol  (in  grades),  clove-oil,  and 
xylol,  into  xylol  balsam  or  dammar.  For  many  sections  some  of  the  grades 
of  alcohol  can  be  omitted,  but  it  is  always  best  to  place  in  50  per  cent, 
between  water  and  absolute  alcohol. 

A  simpler  method,  but  one  which,  in  most  cases,  answers  the  purpose 
perfectly  well,  is  to  place  the  riband  or  the  individual  sections  cut  from 
paraffin  on  the  surface  of  water  in  a  basin,  just  sufficiently  warm  to  flatten 
out  the  paraffin,  but  not  to  melt  it,  then  pass  a  perfectly  clean  slide  under 
the  surface  of  the  water  and  float  the  sections  on  to  it ;  remove,  drain  ofl" 
the  water,  and  put  the  slide  and  sections  aside  for  an  hour  or  more  until 
all  the  water  has  evaporated.  The  sections  are  found  to  have  adhered 
firmly  to  the  slide  (they  may,  if  desired,  be  yet  more  firmly  fixed  by  drawing 
a  brush  moistened  with  solution  of  celloidin  in  oil  of  cloves  over  them). 
The  paraffin  can  now  be  removed  by  washing  the  slide  with  xylol  or 
immersing  it  in  xylol.  If  not  previously  stained  they  can  then  be  passed 
through  alcohols  and  stained  and  mounted  as  just  described.  It  is  con- 
venient to  keep  the  several  solutions  which  are  required  in  cylindrical 
tubes  or  grooved  glass  receptacles  in  a  regular  row  upon  the  working  table 
and  transfer  the  slide  from  one  to  the  other  in  succession.  Thus  such  a 
series  would  be  (1)  xylol ;  (2)  absolute  alcohol  ;  (3)  75  per  cent,  alcohol  ; 
(4)  50  per  cent,  alcohol;  (5)  distilled  water;  (6)  staining  solution;  (7)  tap 
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water;  (8)  distilled  water;  (9)  50  per  cent,  alcohol;  (10)  75  per  cent, 
alcohol;  (11)  absolute  alcohol;  (12)  clove  oil  or  xylol.  The  changes  can 
also  be  eflfected  by  pouring  the  solutions  over  the  sections  and  draining  off. 

The  following  table  shows  the  methods  which  may  be  adopted  for  the 
treatment  of  paraffin-cut  sections  or  ribands  of  sections  : 

1.  Place  on  a  slide  or  cover-glass  in  a  drop  of  tap-water: 

the  glass  may  previouslj^  have  been  smeared  with 
egg-white :  warm  gently. 

2.  Drain  off  water  and  allow  to  dry  completely. 

I 

3.  Warm  until  paraffin  is  just  melted. 

4.  Dissolve  paraffin  away  with  xylol. 


If  tissue  is  already  stained  in  bulk. 


If  tissue  is  not  already  stained. 


Mount  in  xylol  balsam  or  dammar.  5.  Absolute  alcohol. 

I 

6.  Descending  grades  of  alcohol. 

7.  Stain. 
Por  sections  cnt  by  the  freezing  I 

or  celloidin  methods,  if   the  8.  Water. 

tissue  has  already  been  stained  ■  | 

in  bulk,  the  sections  need  ovAj  9.  Ascending  grades  of  alcohol. 

be  put  through  the  ascending  | 

grades  of  alcohol  and  bergamot  10.  Xylol  or  bergamot  oil  or 

oil,   and   then   mounted    in  creosote  or  clove-oil. 

dammar.     If  the  tissue  has  | 

not  already  been  stained,  begin  Mount  in  xylol  balsam  or 

at  No.  7.  dammar. 

Staining  solutions. — The  fluids  most  commonly  employed  for  the  staining 
of  sections  are :  (1)  Solutions  of  hfematoxylin  and  alum  ;  (2)  solutions 
of  carmine  with  or  without  alum ;  (3)  certain  aniline  dyes.  The  time 
of  immersion  in  th«  staining  fluid  varies  according  to  the  strength  of 
the  fluid  and  the  mode  by  which  the  tissue  has  been  hardened.  The 
necessity  of  staining  sections  may  be  avoided  if  the  tissue  is  stained  in 
bulk  before  embedding.  For  this  purpose  a  small  piece  of  hardened  tissue  is 
placed  for  twenty-four  hours  or  more  in  a  moderately  diluted  solution  of 
hsemalum  (Milroy)  ;  this  may  be  followed  by  2  or  3  hours  in  a  1  per  cent, 
solution  of  eosin  (or  erythrosin).  The  tissue  is  then  passed  through  alcohol, 
which  removes  excess  of  eosin.  It  may  be  cut  into  sections  by  the  paraffin 
or  freezing  methods.  If  the  latter  be  employed  the  sections  are  thoroughly 
washed  with  tap-water,  dehydrated  by  alcohol,  and  passed  through  clove- 
oil  or  xylol  into  xylol  balsam  or  dammar.  For  some  purposes  {e.g.  the 
study  of  ossifying  cartilage)  a  strong  alcoholic  solution  of  magenta  is 
useful  for  staining  in  bulk  ;  from  this  the  tissue  goes  direct  into  oil  of 
cloves,  and  after  being  soaked  with  this  it  is  passed  through  xylol  into 
molten  paraffin.  Sections  may  also  be  stained  whilst  still  infiltrated  with 
paraffin  by  floating  them  on  to  the  surface  of  the  staining  solution, 
which  is  gently  warmed  (but  not  enough  to  melt  the  paraffin).  They 
generally  .require  far  longer  exposure  to  the  stain.    The  subsequent  treat- 
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ment  is  quite  simple,  for  they  need  only  be  transferred  to  warm  water, 
floated  on  to  a  slide  and  allowed  to  dry.  The  paraffin  is  then  melted, 
dissolved  away  with  xylol,  and  the  sections  are  mounted  in  dammar. 

The  following  are  some  of  the  principal  staining  solutions  and  methods  of 
staining  for  special  purposes  : 

1.  Delafiel(fs  hcematoxylin. — To  150  cubic  centimetres  of  a  saturated 
solution  of  potash  alum  in  water  add  4  cubic  centimetres  of  a  saturated 
solution  of  hsematoxylin  in  alcohol.  Let  the  mixture  stand  eight  days, 
then  decant,  and  add  25  cubic  centimetres  of  glycerine  and  25  cubic 
centimetres  of  methylic  alcohol.  The  solution  must  stand  a  few  days 
before  it  is  ready  for  use. 

To  stain  sections  add  a  few  drops  of  this  solution  to  a  watch-glassful 
of  distilled  water.  If  overstained  the  excess  of  colour  can  be  removed  by 
alcohol  containing  1  per  cent,  nitric  or  hydrochloric  acid.  With  long 
keeping  this  solution  becomes  red  instead  of  blue ;  a  trace  of  ammonia 
will  restore  the  blue  colour. 

2.  Ehrlich's  hcematoxylin. — Dissolve  2  grammes  lisematoxylin  (or,  better, 
hsematein)  in  100  cubic  centimetres  alcohol  ;  add  100  cubic  centimetres 
water,  100  cubic  centimetres  glycerine,  and  10  cubic  centimetres  glacial 
acetic  acid :  add  potash  alum  to  saturation.  This  solution  will  keep 
almost  indefinitely  :  it  is  valuable  for  staining  in  bulk,  as  it  does  not 
easily  overstain.  For  staining  sections  it  is  best  to  dilute  the  solution 
either  with  distilled  water  or  with  30  per  cent,  alcohol.  After  the  sections 
have  been  stained  they  must  be  thoroughly  washed  with  tap-water.  This 
develops  the  blue  colour  of  the  hsematoxylin. 

3.  Kultschitzky^s  hcematoxylin. — Dissolve  1  gi'amme  hgematoxylin  in  a  little 
alcohol,  and  add  to  it  100  cubic  centimetres  of  a  2  per  cent,  solution  of  acetic 
acid.  This  solution  is  valuable  for  staining  sections  of  the  nervous  system 
(see  Weigert-Pal  process). 

4.  i7«;??ia^ttm.— Hfematoxylin-alum  solutions  acquire  their  colouring 
properties  only  as  the  hcematoxylin  on  keeping  becomes  converted  into 
hfematein.  The  latter  substance  may,  therefore,  as  recommended  by  Mayer, 
be  used  advantageously  in  place  of  hiematoxylin  if  the  stain  is  required 
immediately.  The  following  mode  of  preparing  the  solution  may  be 
adopted  :  Dissolve  50  grammes  of  ammonia  alum  in  1  litre  of  water,  and 
1  gramme  of  hjematein  in  100  c.c.  of  rectified  spirit.  Add  the  hsematein 
solution  gradually  to  the  alum.  The  mixture  is  ready  for  staining  at  once, 
either  as  it  is  or  diluted  with  distilled  water.  A  small  piece  of  thymol  or  a 
little  carbolic  acid  should  be  added  to  prevent  the  growth  of  moulds. 

5.  R.  Heidenhain's  method.— After  hardening  in  alcohol,  or  in  saturated 
solution  of  picric  acid  and  then  in  alcohol,  place  the  tissue  from  twelve 
to  fourteen  hours  in  a  ^  per  cent,  watery  solution  of  hoematoxylin,  and  then 
from  twelve  to  twenty-four  hours  more  in  a  i  per  cent,  solution  of  yellow 
chromate  of  potash,  which  may  be  changed  more  than  once.  Then  wash  in 
water,  place  in  alcohol,  pass  through  xylol,  and  embed  in  paraffin. 

6.  M.  Heidenhain's  jnerAorf:— Harden  in  sublimate,  followed  by  alcohol  ; 
fix  sections  to  slide  by  water  method  ;  treat  with  iodised  alcohol,  transfer  to 
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2-5  per  cent,  iron-alum  (solution  of  sulphate  (or  tartrate)  of  iron  and 
ammonia)  and  leave  a  quarter  of  an  hour  or  longer  ;  rinse  with  distilled 
water;  place  in  1  to  0-5  per  cent,  pure  hsematoxylin  in  water  containing 
10  per  cent,  alcohol  for  a  few  minutes;  wash  with  water;  differentiate  in 
the  iron  and  ammonia  solution  until  nearly  decolorised  ;  wash  for  fifteen 
minutes  in  tap-water ;  dehydrate  and  mount  in  the  usual  way.  This 
method  is  especially  adapted  for  exhibiting  the  centrosomes  of  cells.  It  is 
also  a  good  general  method  for  most  tissues. 

Both  the  process  of  mordanting  with  iron-alum  and  the  subsequent 
staining  with  htematoxylin  may  be  considerably  prolonged  with  advantage 
for  some  tissues. 

7.  Carmalum  (Mayer).— Useful  either  for  sections  or  bulk-staining.  If 
the  sections  are  subsequently  passed  through  alcohol  containing  picric  acid 
in  solution  a  double  stain  is  produced. 

Carminic  acid,  1  gramme. 

Ammonia  alum,  10  grammes. 

Distilled  water,   200  c.c. 

Boil  together,  allow  to  cool  and  filter.  Add  thymol  or  a  little  carbolic  acid 
to  prevent  the  growth  of  moulds. 

8.  Carminate  of  a7?i«io?wa.— Prepared  by  dissolving  carmine  in  ammonia, 
and  allowing  the  excess  of  ammonia  to  escape  by  slow  evaporation.  The 
salt  should  be  allowed  to  dry  and  be  dissolved  in  water  as  required. 

9.  Picric  acid. — A  saturated  solution  of  picric  acid  in  spirit  jnay  be  used 
as  a  second  stain  after  hsematoxylin  or  carmine.  Any  excess  of  picric  acid 
is  dissolved  out  by  linsing  with  strong  spirit.  This  form  of  double  stain  is 
valuable  for  exhibiting  keratinised  tissues  and  muscle-fibres. 

10.  Fan  GiesorCs  stain. — This,  which  is  a  saturated  solution  of  picric  acid  in 
water,  with  5  c.c.  of  a  1  per  cent,  water  solution  of  acid  fuchsin  added  to 
each  100  c.c,  stains  connective-tissue  fibres  bright  red  ;  muscle  fibres  and 
epithelium  yellow.  The  sections  may  first  be  stained  deeply  with  hsemalum  ; 
then  placed  in  Van  Gieson's  stain  for  some  minutes  ;  then  passed  through 
75  per  cent,  alcohol,  absolute  alcohol  and  clove  oil  or  xylol,  and  mounted  in 
dammar.    The  method  is  very  suitable  for  frozen  and  celloidiu  sections. 

11.  Picro-carminate  of  ammonia,  a  double  stain.  a.  Ranvier's  picro- 
carmine. — To  a  saturated  solution  of  picric  acid  add  a  strong  solution  of 
calamine  in  ammonia,  until  a  precipitate  begins  to  form.  Evaporate  on 
the  water  bath  (or,  better,  allow  it  to  evaporate  spontaneously)  to  one  half 
its  bulk  ;  add  a  little  carbolic  acid  to  prevent  the  growth  of  moulds  ; 
filter  from  the  sediment. 

(3.  Bourne's picro-carmine. — "Add  5  c.c.  of  ammonia  to  2  grammes  carmine 
in  a  bottle  capable  of  containing'  about  250  c.c.  Stopper,  shake,  and  put 
aside  till  next  day.  Add  slowly,  shaking  the  while,  200  c.c.  of  a  saturated 
solution  of  picric  acid  in  distilled  watei\  Put  aside  till  next  day.  Add 
slowly,  constantly  stirring,  11  c.c.  of  5  per  cent,  acetic  acid.  Put  aside  till 
next  day.  Filter  ;  to  the  filtrate  add  four  drops  of  ammonia,  put  back  in 
the  stoppered  bottle  "  (Langley). 
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12.  Borax-carmine. — Dissolve  4  grammes  borax  and  3  grammes  carmine 
in  100  cubic  centimetres  of  warm  water.  After  three  days  add  100  cubic 
centimetres  of  70  per  cent,  alcohol,  let  stand  two  days  and  filter.  This 
solution  improves  on  keeping.    It  is  useful  for  staining  in  bulk. 

After  staining  with  boi-ax-carniine,  the  tissue  should  be  placed  in  70  per 
cent,  alcohol  containing  5  drops  of  hydrochloric  acid  to  100  cubic  centimetres. 

13.  Aniline  dyes. — These  are  used  either  in  aqueous  solution  (which  may 
contain  O'Ol  per  cent,  of  caustic  potash)  or  in  water  shaken  up  with  aniline 
oil,  and  it  is  usual  to  overstain  a  tissue  with  them,  and  subsequently  to 
decolorise  with  absolute  alcohol  containing  i  its  bulk  of  aniline  oil  (from 
which  the  sections  can  pass  directly  into  xylol)  or  with  acid-alcohol  (1  to 
10  per  1000  hydrochloric  acid)  followed  by  absolute  alcohol  and  this  by 
xylol.  Those  most  employed  are  the  "basic"  dyes — methyl  blue,  methylene 
blue,  gentian  violet,  toluidin  blue,  thionin,  salfranin,  and  vesuvin  ;  and  the 
"acid"  dyes — eosin,  erythrosin,  acid  magenta  or  acid  fuchsin,  and  orange  G. 
A  double  stain  is  obtained  by  combining  eosin  with  methylene  blue  or 
toluidin  blue,  the  sections  being  first  stained  for  ten  minutes  in  1  per  cent, 
aqueous  eosin  and  then,  after  rinsing  with  water,  for  twenty  minutes  in 
1  per  cent,  of  the  blue  solution,  after  which  they  are  decolorised  by  absolute 
alcohol  or  absolute  alcohol  and  aniline  oil.  The  decolorisation  is  arrested 
by  xylol.  Other  good  double  stains  are  the  eosin-methyl  blue  mixture 
devised  by  G.  Mann  ;  ^  and  Jenner's  stain,  which  is  made  by  dissolving 
in  pure  methyl  alcohol  the  precipitate  which  is  produced  when  eosin 
solution  is  added  to  methylene-blue  solution.  Jenner's  stain  is  valuable 
for  blood  films.  For  the  same  purpose  Ehrlich's  triple  stain  is  also  used. 
This  is  formed  by  mixing  together  aqueous  solution  of  orange  G.,  acid- 
fuchsin,  and  methyl  green  in  certain  proportions.'^ 

14.  Eosin. — A  1  per  cent,  solution  in  water  may  be  used.  The  sections 
are  first  stained  deeply  with  hiematoxylin  and  rinsed  with  water.  They  are 
then  stained  with  the  eosin  solution,  passed  through  75  per  cent,  alcohol, 
and  then  through  strong  spirit— which  is  allowed  to  dissolve  out  some  but 
not  all  of  the  eosin  stain— into  clove-oil :  they  are  finally  mounted  in  xylol 
balsam  or  dammar.    Erythrosin  may  be  used  in  place  of  eosin. 

Eosin  stains  htemoglobin  of  an  orange  red  colour;  so  that  the  blood 
corpuscles  are  well  shown  when  a  fixing  fluid  has  been  employed  which 
does  not  remove  the  haemoglobin  from  them  (such  as  mercuric  chloi-ide, 
bichromate  of  potassium,  and  foi'mol. 

15.  Miiir's  method  of  double-staining  with  eosin  and  methylene  blue. — For 
staining  hferaoglobin  and  oxyphil  granules  in  cells  the  method  devised  by 
Eichard  Muir  will  be  found  valuable.  It  consists  in  staining  the  sections  of 
formol-hardeued  tissue  (which  are  fixed  on  a  slide)  with  saturated  solution 
of  alcohol-soluble  eosin  crystals  dissolved  in  rectified  spirit.  This  solution 
is  poured  over  the  sections,  and  evaporated  over  a  flame  until  most  of  the 
alcohol  is  driven  off".  Rinse  with  water,  place  in  saturated  solution  of  potash 
alum  for  three  minutes,  and  wash  again.    Decolorise  with  alcohol  rendered 

1  Metlwds  of  Physiological  Histology,  p.  216. 

2  It  is  best  to  purchase  this  solution  read}--made. 
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vmj  faintly  alkaline  with  ammonia.  Wash.  Stain  with  saturated  water- 
solution  of  methylene  blue  ;  wash  with  water  ;  dehydrate  and  mount  in  the 
usual  way. 

16.  Acidfuchsin  oo-  magenta.— A.  1  per  cent,  solution  in  50  per  cent,  alcohol 
(to  which  1  drop  of  1  per  cent,  alcohol-solution  of  gentian  violet  may  be 
added  per  cubic  centimetre)  is  an  excellent  stain  for  connective  tissue.  It 
may  also  advantageously  be  used  for  developing  bone  and  tooth  and  for 
lymph-glands.  The  piece  of  tissue  is  left  for  several  days  in  a  1  per  cent- 
solution  in  95  per  cent,  alcohol,  and  is  then  placed  direct  in  a  small  quantity 
of  clove-oil  for  a  few  hours,  after  which  it  is  transferred  through  xylol  to 
molten  paraffin. 

17.  Mallory's  stain  for  connective  tissue.— T\xq  sections  are  placed  for  three 
minutes  in  acid  fuchsin  (1  per  1000)  ;  then  washed  in  water  and  immersed 
for  several  minutes  in  phospho-molybdic  acid.  Wash  again  thoroughly  in 
water,  and  place  for  two  minutes  or  more  in  the  following  solution  : 

Aniline  blue,   0-5  g. 

Orange  G.,   2-0  g. 

Oxalic  acid,      -       -       -      '   2-0  g. 

Water,                                                                    -  100  e.c. 

After  being  stained  with  this  they  are  passed  through  water,  alcohol, 
and  xylol  into  balsam  or  dammar. 

18.  Orcein. — Dissolve  1  gramme  orcein  in  100  c.c.  absolute  alcohol  con- 
taining 1  c.c.  hydrochloric  acid.  Place  the  sections  in  some  of  this  solution 
in  a  watch-glass  and  warm  slightly,  allowing  the  fluid  to  nearly  evaporate 
to  dryness.  Dehydrate  in  alcohol,  which  removes  the  excess  of  stain  ;  pass 
through  xylol  into  dammar.    Orcein  stains  especially  the  elastic  fibres. 

19.  Flemming-s  method  for  Icaryokinetic  nuclei. — This  is  especially  valuable 
for  staining  cell-nuclei  in  mitosis.  The  tissue  having  been  appropriately 
fixed,  small  shreds  or  thin  sections  are  placed  for  two  days  in  saturated 
alcoholic  solution  of  safFi-anin,  mixed  with  an  equal  amount  of  aniline-water. 
They  are  then  washed  with  distilled  water  and  decolorised  in  aniline-alcohol 
or  in  alcohol  containing  1  per  1000  hydrochloiic  acid  until  the  colour  is 
washed  out  from  everything  except  the  nuclei.  They  are  then  again  rinsed 
in  water  and  placed  in  saturated  aqueous  solution  of  gentian  violet  for  two 
hours,  washed  again  in  distilled  water,  decolorised  with  aniline  alcohol  until 
only  the  nuclei  are  left  stained,  then  transferred  to  bergamot  oil  or  xylol, 
and  from  this  are  mounted  in  xylol  balsam  or  dammar.  Gentian  violet  and 
several  other  basic  aniline  colours  may  be  employed  in  place  of  saffranin 
from  the  first.  Delafield's  hsematoxylin  (followed  by  acid),  and  Ehrlich's 
htematoxylin  also  stain  the  mitotic  figures  well. 

20.  Staining  xoith  nitrate  o/si7?;er  (Eecklinghausen). — Wash  the  fresh  tissue 
with  distilled  water  ;  immerse  in  ^  to  1  per  cent,  nitrate  of  silver  solution 
for  from  one  to  five  minutes;  rinse  with  distilled  water  and  expose  until 
just  brown  to  bright  sunlight  either  in  water,  70  per  cent,  alcohol,  or 
glycerine  and  water.  The  tissue,  which  is  generally  a  thin  membrane,  may 
either  be  mounted  in  glycerine  or  it  may  be  spread  out  flat  in  water  on  a 
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slide,  the  water  drained  off,  the  tissue  allowed  to  dry  completely,  and 
dammar  added.  This  method  is  used  to  exhibit  endothelium,  and  generally 
to  stain  intercellular  substance.  It  depends  upon  the  fact  that  the  chlorides 
of  the  tissues  are  almost  exclusively  confined  to  the  intercellular  substance. 

The  following  methods  are  especially  useful  in  investigations  relating  to 
the  nervous  system  : 

21.  Marchi's  solution.— This  is  a  mixture  of  Muller's  fluid  (2  parts)  with 
1  per  cent,  osmic  acid  (1  part).  It  is  of  value  for  staining  nerve-fibres  in 
the  earlier  stages  of  degeneration,  before  sclerosis  sets  in  (especially  a  few 
days  after  the  establishment  of  a  lesion).  All  the  degenerated  meduUated 
fibres  are  stained  black,  whilst  the  rest  of  the  section  remains  almost 
unstained.  It  is  best  to  put  thin  pieces  of  the  brain  or  cord  to  be  investi- 
gated singly  into  a  large  quantity  of  the  solution  (after  previously  hardening 
for  ten  days  in  Muller's  fluid),  and  to  leave  them  in  it  for  a  week  or  more  ; 
if  necessary  sections  can  be  stained ;  in  this  case  the  process  is  more 
complicated.!  In  either  case  they  are  fixed  on  a  slide  and  mounted  by  the 
usual  process  in  xylol  balsam  or  dammar. 

22.  Weigert-Pal  method. — This  method  is  chiefly  used  for  the  central 
nervous  system.  By  it  all  medullated  nerve-fibres  are  stained  dark,  while 
the  grey  matter  and  any  sclerosed  tracts  of  white  matter  are  left  uncoloured. 
The  following  modification  of  the  original  method  can  be  recommended  : 
Pieces  which  have  been  hardened  in  Muller's  fluid  and  afterwards  kept 
a  short  time  in  alcohol  (without  washing  in  water)  are  embedded  in  cel- 
loidin,  and  sections  are  cut  as  thin  as  possible.  Or  sections  may  be  made 
by  the  freezing  method  direct  from  Muller's  fluid,  if  the  tissue  is  first 
soaked  in  gum-water  for  a  few  hours.  In  either  case  they  are  placed  in 
water,  and  from  this  are  transferred  to  Marchi's  fluid  (see  above,  §  21), 
in  which  they  are  left  for  a  few  hours.  They  are  then  again  washed  in 
water  and  transferred  to  Kulschitzky's  htematoxylin  (see  above,  §  3).  In 
this  they  are  left  overnight,  by  which  time  they  wall  be  completely  black. 
After  again  washing  in  water  they  are  ready  to  be  bleached.  This  is 
accomplished  by  Pal's  method  as  follows  :  Place  the  overstained  sections, 
first  in  J  per  cent,  solution  of  potassium  permanganate  for  five  minutes  (or 
for  a  longer  time  in  a  weaker  solution)  ;  rinse  with  water  and  transfer  to 
Pal's  solution  (sulphite  of  soda  1  gramme,  oxalic  acid  1  gramme,  distilled 
water  200  cubic  centimetres),  in  which  the  actual  bleaching  takes  place.' 
They  are  usually  sufiiciently  differentiated  in  a  few  minutes  :  if  not,  they 
can  be  left  longer  in  the  solution  without  detriment.  If  after  half  an  hour 
they  are  not  differentiated  enough,  they  must  be  put  again  (after  washing) 
into  the  permanganate  for  some  minutes,  and  then  again  into  Pal's  solution. 
After  differentiation  they  are  passed  through  water,  alcohol  (with  or  without 
eosin),  and  oil  of  bei'gamot  (or  xylol),  to  be  mounted  in  xylol  balsam  or 
dammar.  The  advantages  which  this  modification  has  over  the  original 
method  are  (1)  even  the  finest  medullated  fibres  are  brought  to  view  with 


iSee  Hamilton,  Brain,  1897,  p.  180. 

2  Diluted  sulphurous  acid  solution  may  be  emploj-ed  instead  of  Pal's  solution. 
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great  surety  ;  (2)  the  staining  of  the  fibres  is  jet  black,  and  offers  a  strong 
contrast  to  the  colourless  grey  matter  ;  (3)  the  sections  are  easily  seen  and 
lifted  out  of  the  acid  htematoxylin,  which  has  very  little '  colour ;  (4)  it  is 
diflScult  to  overbleach  the  sections ;  (5)  the  stain  is  remarkably  per- 
manent. 

As  a  modification  of  the  above,  Bolton  recommends  to  harden  with. 
formol,  place  the  sections  for  a  few  minutes  in  1  per  cent,  osmic  acid,  stain 
for  two  hours  in  Kulschitzky's  hajmatoxylin  at  40°  C,  and  then  proceed  with 
the  bleaching  process. 

23.  Staining  with  chloride  of  gold. — a.  Cohiiheim's  method. — Place  the  fresh 
tissue  for  from  thirty  to  sixty  minutes  in  a  ^  per  cent,  solution  of  chloride 
of  gold  ;  then  wash  and  transfer  to  a  large  quantity  of  water  faintly  acidu- 
lated with  acetic  acid.  Keep  for  two  or  three  days  in  the  light  in  a  warm 
place.  This  answers  very  well  for  the  cornea.  If  it  be  principally  desired 
to  stain  the  nerve-fibrils  within  the  epithelium,  the  cornea  may  be  trans- 
ferred after  twenty-four  hours  (the  outlines  of  the  larger  nerves  should  be 
just  apparent  to  the  naked  eye)  to  a  mixture  of  glycerine  (1  part)  and 
water  (2  parts),  and  left  in  this  for  twenty-four  hours  more  (Klein). 

j8.  Lowit's  method. — Place  small  pieces  of  the  fresh  tissue  in  a  mixture  of 
1  part  of  formic  acid  to  2  to  4  parts  of  water  for  one-half  to  one  minute  ; 
then  in  1  per  cent,  chloiide  of  gold  solution  for  ten  to  fifteen  minutes  ;  then 
back  again  into  the  formic  acid  mixture  for  twenty-four  hours,  and  into 
pure  formic  acid  for  twenty-four  hours  more.  After  removal  from  the  gold, 
and  whilst  in  the  acid,  the  tissue  must  be  kept  in  the  dark.  This  method  is 
especially  good  for  motor  nerve  endings  in  skeletal  muscle. 

y.  Banvier's  method. — Immerse  in  lemon-juice  for  five  to  ten  minutes, 
then  wash  with  water  and  place  in  1  per  cent,  gold-chloride  solution  for 
twenty  minutes.  Then  treat  either  as  in  Cohnheim's  or  as  in  Lowit's 
method. 

24.  Golgi's  chromate  of  silver  methods. — These  are  chiefly  employed  for 
investigating  the  relations  of  cells  and  fibres  in  the  central  nervous  system. 
Two  methods  are  mostly  used,  as  follows  : 

a.  Very  small  pieces  of  the  tissue  which  has  been  hardened  for  some 
weeks  in  3  per  cent,  bichromate  of  potassium  or  Miiller's  fluid  are  placed 
for  half  an  hour  in  the  dark  in  0-75  per  cent,  nitrate  of  silver  solution,  and 
are  then  transferred  for  twenty-four  hours  or  more  to  a  fresh  quantity 
of  the  same  solution  (to  which  a  trace  of  formic  acid  may  be  added).  They 
may  then  be  placed  in  96  per  cent,  alcohol  (half  an  hour),  and  sections 
which  need  not  be  thin,  are  cut  either  from  celloidin  with  a  microtome 
or  with  the  free  hand  after  embedding  (but  not  soaking)  with  paraflQn. 
The  sections  are  mounted  in  xylol  balsam,  which  is  allowed  to  dry  on  the 
slide  :  they  must  not  be  covered  with  a  cover-glass,  but  the  balsam  must 
remain  exposed  to  the  air. 

13.  Instead  of  being  slowly  hardened  in  bichromate,  the  tissue  is  placed  at 
once  in  very  small  pieces  in  a  mixture  of  bichromate  and  osmic  acid  (3  parts 
of  3  per  cent,  bichromate  of  potassium  or  of  Miiller's  fluid  to  1  of  osmic  acid). 
In  this  it  remains  from  one  to  eight  days,  a  piece  being  transferred  each 
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day  to  0-75  per  cent,  silver  nitrate.  The  subsequent  procedure  is  the  same 
as  described  under  a.  For  some  organs  it  is  found  advantageous  to  repeat 
the  process,  replacing  them  for  a  day  or  two  in  the  osmic-bichromate 
mixture  after  silver  nitrate  and  then  putting  them  back  into  silver  nitrate 
(Cajal's  double  method).  This  method  is  not  only  more  rapid  than  that  in 
which  bichromate  of  potassium  alone  is  used,  but  is  more  sure  in  its 
results. 

25.  Cooi^s  chromate  of  mercury  method.— This,  serves  the  same  purpose  as 
the  Golgi  methods.  Mix  20  c.c.  of  5  per  cent,  corrosive  sublimate  solu- 
tion and  16  c.c  of  5  per  cent,  chromate  of  potassium  solution  with  30-40 
c.c.  distilled  water,  and  add  20  c.c.  of  5  per  cent,  bichromate  of  potassium 
solution  to  the  mixture.  Small  pieces  of  fresh  tissue  are  placed  in  this 
and  left  for  two  months  or  more.  Sections  of  the  tissue  are  then  cut  by 
the  freezing  microtome  and  placed  either  in  5  per  cent,  sodium  carbonate 
solution  or  in  dilute  ammonia.  They  are  then  passed  through  water, 
grades  of  alcohol,  and  clove  oil  into  dammar,  and  mounted  without  a 
cover-glass. 

26.  EhrlicKs  methylene-hlue  method. — This  method  is  one  of  great  value 
for  exhibiting  nerve-terminations,  and  in  some  cases  the  relations  of  nerve- 
cells  and  fibres  in  the  central  nervous  system.  For  its  application  the 
tissue  must  be  living  :  it  is  therefore  best  apiDlied  by  injecting  a  solution 
of  methylene  blue  (1  part  to  100  of  warm  saline  solution)  into  a  vein  in 
an  anaesthetised  mammal,  until  the  whole  blood  is  of  a  bluish  colour ;  or 
the  injection  inay  be  made  through  the  vessels  of  the  part  to  be  investi- 
gated, immediately  after  killing  an  animal.  But  fairly  good  results  can 
also  be  obtained  by  immersing  small  pieces  of  freshly  excised  living  tissue 
in  a  less  concentrated  solution  (01  pei'  cent.),  or,  in  the  case  of  the  central 
nervous  system,  by  dusting  the  methylene-blue  powder  over  a  freshly  cut 
surface,  allowing  some  time  for  it  to  penetrate,  and  theji  treating  it  with 
picrate  of  ammonia  and  Bethe's  solution.  In  either  case  the  tissue  should 
be  freely  exposed  to  air  ;  the  blue  colour  then  appears  in  the  nerve- 
cells  and  axis-cylinders,  even  to  their  finest  ramifications.  It  does  not 
however,  remain,  but  after  a  time  fades  from  them  while  other  tissues 
become  coloured.  To  fix  the  stain  the  tissue  is  taken  at  the  moment  that 
the  nerve-fibres  are  most  distinctly  seen  and  is  placed  for  an  hour  or  two 
in  saturated  solution  of  pici^ate  of  ammonia,  after  which  the  preparation 
can  be  mounted  in  glycerine  containing  picrate  of  ammonia.  But  to  allow 
of  sections  being  made  from  it  for  mounting  in  balsam  or  dammar,  it  must, 
subsequently  to  the  treatment  with  picrate  of  ammonia,  be  placed  foi  some 
hours  in  Bethe's  fluid,  viz.  : 

Molybdate  of  ammonia,  1  gramme. 

Chromic  acid  2  per  cent,  solution,     -       -       -       -     10  c.c. 

Distilled  water,  10  c.c. 

Hydrochloric  acid,  1  drop. 

This  renders  the  colour  insoluble  in  alcohol. 

27.  DogieVs  raodification  of  the  Ehrlich  method. — Place  the  fresh  tissue  in  a 
capsule  containing  1  per  1000  methylene  blue  and  keep  at  36°  C.  for  two  hours. 
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Tlien  place  in  6  per  cent,  molybdate  of  ammonia  for  twenty-four  hours  ;  wash 
four  hours  in  distilled  water  ;  deliydrate  with  alcohol,  and  pass  through 
xylol  into  danuuar  or  Canada  balsam. 

28.  Sihlei^s  method  of  staining  nerve-endings  in  muscle  and  blood-vessels. — 
Macerate  the  tissue  for  eighteen  hours  in  the  following  solution  : 


Ordinary  acetic  acid,        -       -       -       -  •     ■       -       -  1  part. 

Glycerine,   1  P"-rt. 

1  per  cent,  chloral  hydrate  solution,        ...       -  6  parts. 

From  this  transfer  to  glycerine  for  from  one  to  two  hours  ;  then  unravel 

somewhat  with  needles  and  place  for  from  three  to  ten  days  in  the 
following  : 

Ehrlich's  hsematoxjdin,   1  part. 

Glycerine,   1  part. 

1  per  cent,  chloral  hydrate  solution,        .       .       .       .  6  parts. 


It  may  then  be  kept  for  any  desired  time  in  glycerine,  which  should  be 
changed  several  times. 

Preparations  are  made  by  careful  dissociation  with  needles.  If  over- 
stained  they  may  be  differentiated  by  acetic  acid  until  the  dark-blue  colour 
is  changed  to  violet.  The  muscle  spindles  and  the  end-plates  are  well 
shown  by  this  method. 

29.  NissVs  method  of  staining  the  chromatic  granules  in  nerve-cells. — This 
is  a  method  of  overstaining  with  methylene  blue  and  subsequent  differ- 
entiation with  alcohol  (see  §  13).  Nissl  recommended  90  per  cent,  alcohol 
as  the  hardening  agent,  but  both  formol  and  corrosive  sublimate  followed 
by  alcohol  may  be  employed  also.  Toluidin  blue  (Mann)  may  be  used  in 
place  of  methylene  blue.  The  sections  may  first  be  stained  with  1  per  cent, 
aqueous  solution  of  eosin,  and  then,  after  rinsing  in  water,  with  1  per 
cent,  methylene-blue  solution  :  they  are  best  differentiated  in  aniline  alcohol. 
The  effect  of  heating  the  solutions  to  about  70°  C.  is  to  accelerate  and 
accentuate  the  staining,  which  will  then  take  only  a  few  minutes. 

A  Nissl  stain  may  also  be  obtained  by  placing  thin  pieces  of  the  fixed 
and  hardened  nervous  tissue  in  1  per  cent,  solution  of  thionin  for  several 
days  ;  after  which  the  tissue  is  dehydrated  and  embedded  in  paraffin. 

30.  CajaVs  methods  for  exhibiting  neurofibrils  luithin  nerve-cells  and  -fibres. — 
a.  A  small  piece  of  the  tissue  (brain,  spinal  cord,  ganglion,  etc.),  not  more 
than  4  mm.  thick,  and  preferably  from  a  young  animal,  is  placed  in  50 
c.c.  of  rectified  spirit  to  which  3  or  4  drops  of  ammonia  may  be  added. 
After  four  to  six  hours  in  this,  followed  by  twenty-four  hours  in  absolute 
alcohol,  rinse  with  distilled  water  and  place  in  a  large  quantity  of  1'5  per 
cent,  solution  of  silver  nitrate,  which  is  maintained  at  a  temperature  of  about 
35°  C.  After  being  five  or  six  days  in  this  solution,  the  piece  is  removed, 
rinsed  for  a  few  seconds  in  distilled  water,  and  transferred  for  twenty-four 
hours  to  the  following  solution  : 

Hydrokinone  (or  pyrogallic  acid),  -       -       -       -     1  to  1-5  grammes. 

Distilled  water,  100  cub.  cent. 

Formol,  5  to  10  cub.  cent. 

Rectified  spirit,  10  to  15  cub.  cent. 

2n 
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The  additidii  of  alcohol  to  the  above  is  not  indispensable,  but  favours 
penetration.  The  piece  is  then  washed  in  water  for  some  minutes,  trans- 
ferred to  alcoliol,  embedded  in  celloidin  or  jjaraffin,  and  sections  are  prepared 
and  mounted  in  the  oi'dinary  way. 

/?.  Place  several  small  pieces  of  the  fresh  tissue  direct  in  2  per  cent, 
silver  nitrate  .solution  at  35°  C.  in  the  dark  :  a  piece  is  taken  out  on  tlie 
third  and  on  each  subsequent  day  until  the  eighth.  The  piece  is  rinsed 
in  distilled  water  for  a  minute  or  two  and  then  immersed  in  the  devehjping 
solution  for  twenty-four  hours  :  after  which  proceed  as  above.  The  tissue 
should  be  placed  on  cotton  wool  in  the  silver  solution.  The  central  parts  of 
the  tissue  are  usually  best,  the  superficial  parts  being  often  too  dark. 

31,  Bielchowsky's  method  for  neurofibrils. — Place  small  pieces  in  12  per 
cent,  formaline  for  twenty-four  hours  :  wash  in  distilled  water  :  transfer  to 
2  per  cent,  nitrate  of  silver  for  from  three  to  five  days  :  again  wash  in 
distilled  water.  Then  transfer  to  the  following  solution,  viz.  :  2  per  cent, 
nitrate  of  silver  20  c.c,  to  which  three  drops  of  a  40  per  cent,  solution 
of  caustic  potash  are  added,  and  enough  ammonia  to  cause  the  disappearance 
of  the  precipitate  produced.  The  pieces  may  be  left  in  this  solution  for 
some  hours  or  days.  They  are  then  transferred  to  20  per  cent,  formaline 
solution  for  twenty-four  hours.  Sections  may  be  cut  by  the  freezing  or 
paraffin  methods.  The  sections  can  be  toned  on  the  slide  with  dilute 
gold  chloride  and  afterwards  fixed  with  hyposulphite  of  soda. 


INDEX. 


563 


INDEX. 


ACH 

Achromatic  spindle,  9,  18,  19. 

—  substance,  11. 
Adenoid  tissue,  92. 
Adipose  tissue,  80,  89. 
Adrenals.    ■S'ee  Suprarenal  capsules. 
Air-bubbles,  29. 

Ameloblasts,  308. 
Ainitosis,  12. 
Amoeba,  3. 

Amoeboid  movements,  3,  7,  8,  35,  36, 

37,  43,  57. 
Ansa  lenticularis,  472,  498. 
Aorta,  21-2. 

Appendix,  vermiform,  351. 

Aqueduct,  458. 

Arachnoid,  408,  499. 

Archoplasin,  9,  393. 

Arcuate  tibres,  432,  434,  435,  466. 

Areolar  tissue,  80,  82. 

 cells  of,  83. 

 fibres  of,  82. 

Arrector  pili,  277. 

Arteries,  vessels  and  nerves  of,  221. 

—  structure  of,  208. 

—  variation  in  structure  of,  212. 

—  and  veins,  smaller,  structure  of,  216. 
Articular  corpuscles,  191. 
Association  fibres,  486. 
Attraction  sphere,  18,  9,  13. 
Auditory  hairs,  536,  541. 

 meatus,  530. 

Auerbach,  plexus  of,  336,  337- 
Auriculo-veutricular  bundle,  288. 
Autonomic  nerves,  153. 
Axis-cylinder,  150,  152,  164,  183. 
Axon,  158,  164,  183. 

Bactekia,  29. 
Baillarger,  lines  of,  485. 
Basement  membranes,  92. 
Basilar  membrane,  538,  539. 
Basket-cells,  476. 

Bechterew,  nucleus  of.    See  nucleus. 
Bellini,  ducts  of,  369,  370. 
Bethe's  fluid,  560. 
Bielchowsky's  stain,  562. 
Bile-canaliculi,  357. 
Bile-ducts,  357. 
Bladder,  376. 
Blastoderm,  24. 


CAN 

Blood,  30. 
Blood-cells,  38. 

Blood-corpuscles,  action  of  reagents 
upon,  48,  51. 

—  of  amphibia,  52. 

—  coloured,  52,  33,  48. 

—  colourless,  33,  34,  51. 

 amoeboid  phenomena  of,  57. . 

 granules  of,  35. 

 migration  of,  59,  61,  221. 

 varieties  of,  35,  36. 

—  development  of,  38,  43,  46. 

—  enumeration  of,  32. 

—  structure  of,  33,  48. 
Blood-crystals,  48,  51. 
Blood-film,  30. 
Blood-islands,  38. 

Blood -platelets,  47,  30,  33,  37,  55, 
221. 

Blood-vessels,  development  of,  41,222. 

—  structure  of,  208,  216. 
Bone,  81,  112. 

—  development  of,  118,  125. 

—  lacunse  and  canaliculi  of,  114,  115, 

117. 

—  lamella  of,  114,  115,  116. 
. —  marrow  of,  43,  1 14. 
Bowman,  glands  of,  530. 

—  membrane  of,  505. 

Brain,  428.  See  cerebrum,  cerebellum 
medulla  oblongata,  mesenceph- 
alon, pons. 

—  divisions  of,  428. 

—  membranes  of,  499. 
Brain-sand,  473. 
Bridging  fibrils,  65,  145,  260. 
Bronchi,  293. 

Bronchial  tubes,  293. 
Bronchioles,  respiratory,  293. 

—  terminal,  293. 
Brown  ian  movements,  29. 
Bruch,  membrane  of,  511. 
Brunner,  glands  of,  342. 
Bundle.    See  tract. 
Burdach,  tract  of,  413,  432. 

Oalleja,  islands  of,  452,  494. 
Canaliculi,  biliary,  357. 

—  of  bone,  114. 

—  of  nerve  cells,  164. 

2n2 
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Capillaries,  219,  221. 

—  circulation  in,  221. 

—  lymphatic,  226. 
Carnoy's  fluid,  545. 
Carotid  gland,  254. 
Cartilage,  81,  102. 

—  articular,  102,  103. 

—  calcified,  104. 

—  costal,  103,  108. 

—  development  of,  106. 

—  embryonic,  106. 

—  fibro-,  103,  108,  111. 

—  hyaline,  103. 

—  ossification  of,  118. 

—  parenchymatous,  106. 

—  transitional,  104. 

—  varieties  of,  103. 
Cartilage-bone,  118. 
Cartilage-cells,  104. 

—  capsules  of,  104,  105. 
Cell,  division  of,  12. 

 amitotic,  12. 

 reduction,  17. 

—  embryonic,  1,  24. 

—  membrane  of,  3,  9,  8. 

—  nucleus  of,  3,  10,  13. 

—  structure  of,  3. 
Celloidin  for  embedding,  548. 
Cell-plate,  19. 
Cell-spaces,  2,  80,  83. 
Cement  of  tooth,  300,  306. 
Cement-substance,  2,  63. 
Central  canal  of  cord,  409. 

—  fovea  of  retina,  524. 

—  tendon  of  diaphragm,  216. 
Centriole,  9. 
Centrosome,  8,  18,  19. 
Cerebellum,  474. 

—  grey  matter  of,  475. 

—  peduncles  of,  480. 

 superior,  457,  460,  468,  481. 

—  —  inferior,  480. 

 middle,  446,  481. 

Cerebrum,  474. 

—  basal  ganglia  of,  497. 

—  cortex  of,  481. 

 structure  of  difi'erent  parts,  487. 

—  peduncle  of,  462. 
Chemotaxis,  8. 
Chondrin-balls,  106. 
Choroid  coat  of  eye,  501,  509. 
Chromatic  substance,  11. 
Chromatolysis,  177. 

Chromaffin  or  chromophil  cells,  252, 
254. 

Chromomeres,  12. 
Chromosomes,  12,  14,  17,  18. 
Cilia,  72,  78. 

—  action  of,  72,  78. 

 theories  regarding,  78. 

Ciliary  muscle,  511. 


DEC 

Circulation,  217,  221. 
Clarke,  column  of,  420. 
Clasmatocytes,  84. 
Claustrum,  403. 
Clitoris,  378. 
Coccygeal  gland,  254. 
Cochlea,  533,  538. 

—  canal  of,  534,  539. 
Ccelom,  231. 

Cohnheim,  areas  of,  130. 

—  method  of  staining  nerve-endings. 

Collagen,  83. 
Collaterals,  166. 
Colliculi,  462. 

Colliculus,  nervi  optici,  516. 
Colloid  substance,  252,  258. 
Colostrum-corpuscles,  282. 
Columella,  538. 
Commissural  fibres,  486. 
Commissures  of  cerebrum,  anterior, 
497. 

 posterior,  467. 

—  of  spinal  cord,  409. 
Conjunctiva,  501. 
Connective  tissue,  cells  of,  80,  83. 
 development  of,  98. 

 fibres  of,  82,  83,  95,  96. 

 jelly-like,  92. 

—  tissues,  1,  80. 
Corium,  264. 
Cornea,  500,  504. 

—  nerve  endings  in,  200,  509. 
Corpora  albicantia  s.  mamillaria,  471, 

497. 

—  geniculata,  469. 

—  quadrigemina,  462. 
Corpus  cavernosum,  378. 

—  luteum,  400. 

—  spongiosum,  378. 

—  striatum,  497. 

—  subthalamicum,  472. 
Corti,  organ  of,  533,  540. 

—  rods  of,  540. 
Cotton  fibres,  29. 
Cowper,  glands  of,  381. 

Cox,  mercuric-chromate  method  of, 
560. 

Crista  acustica,  535. 
Crus  cerebri,  462. 
Crusta,  462,  498. 

—  petrosa,  300,  306. 
Cupula  terminalis,  536. 
Cutis  vera,  259,  264. 
Cytomitome,  8. 
Cyton,  158. 
Cytoplasm,  3,  8. 

Decalcifying  fluids,  547. 
Decidua,  404. 

Decussation  of  pyramids,  428. 
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Deiters,  cells  of,  543. 

—  nucleus  of,  443,  444,  448. 
Delafield's  haematoxylin,  554. 
Dendrons  or  dendrites,  158,  164,  183. 
Dentine,  300,  309. 

Descemet,  membrane  of,  507,  509 
Deutoplasm,  6. 
Dilatator  pupillie,  512. 
Division  of  cells,  12. 

—  of  nucleus,  13,  17. 

—  reduction,  17,  21,  24. 

—  of  ovum,  20. 
Dobie,  line  of,  131. 
Dogiel,  method  of,  560. 
Doy^re,  eminence  of,  205. 
Dura  mater,  408,  499. 
Dust,  29. 

Ear,  external  and  middle,  530. 

—  internal,  533. 
Ebner,  glands  of,  314. 

Ehrlich,  haematoxylin  stain  of,  554. 

—  methylene-bJue  method  of,  560. 
Elastic  tissue,  81,  83,  94,  .100,  111. 
Eleidin,  260,  264,  268. 
Elementary  particles,  33,  37. 
Embedding,  methods  of,  547. 
Embryonic  cells,  1,  24. 
Enamel,  300. 

—  formation  of,  308. 

—  organ,  309. 

End-bulbs,  156,  188,  189,  195. 
Endocardium,  287. 
Endomysium,  133. 
Endoneurium,  156. 
Endoplasm,  7. 

Endothelium,  25,  68,  208,  218,  287. 

—  lymphatic,  225. 

—  serous,  230. 
End-plates,  140,  205, 
Ependyma,  425,  445. 
Epicardium,  286. 
Epidermis,  259. 
Epididymis,  376,  382,  383. 
Epineurium,  155. 
Epiphysis  cerebri,  472. 
Epithelium,  63. 

—  ciliated,  64,  65,  72,  76. 

—  classification  of,  64. 

—  columnar,  64,  72. 

—  germinal,  394. 

—  glandular,  64,  68. 

—  nerve  endings  in,  199. 

—  pavement,  64,  68. 

—  protective,  65. 

—  respiratory,  296. 

—  secreting,  65. 

—  stratified,  64,  65. 

—  transitional,  65,  67,  378. 
Epitrichial  layer,  262. 
Eponychium,  268. 


GIA 

Erectile  tissue,  378. 
Erythroblasts,  38,  41,  43,  48,  240. 
Erythrocytes,  33,  42.    See  a^so  blood- 
corpuscles,  coloured. 
Eustachian  tube,  532. 
Exoplasm,  7,  101. 
Eye,  500,  503. 
Eyelids,  500. 
Eye-piece,  26. 

Fallopian  tubes,  394,  401. 
Fascia  dentata,  494. 
Fasciculus  retrofiexus,  461,  471. 

—  solitarius,  438,  439. 

Fat,  89.    See  also  adipose  tissue. 

—  absorption  of,  344. 

—  in  cartilage  cells,  108. 
Female  pronucleus,  24. 
Fenestrated  membrane,  210. 
Fibres.      See     connective  tissue, 

muscle,  nerve,  etc. 
Fibrin,  30,  37. 

Fibro-cartilage,  elastic,  103,  109. 

—  white,  103,  111. 
Fibrous  tissue,  81,  94,  96. 
Fillet.    See  tract  of  fillet. 
Fimbria,  492,  494. 
Flechsig,  method  of,  413. 

—  tract  of,  417,  4.35. 
Flemming,  fiuid  of,  546. 

—  germ-centres  of,  235,  236,  245. 

—  stainable  bodies  of,  235,  245. 

—  method  of  staining  nuclei,  557. 
Forel,  decussation  of,  461  (footnote). 
Formatio  reticularis,  411,  432,  434, 

435,  444,  460. 
Freezing  method  for  preparation  of 

sections,  548. 
Funiculus  cuneatus,  411,  431. 

—  gracilis,  411,  431. 

Gall-bladder,  358. 
Ganglia,  158,  170. 

—  cells  of,  170. 

—  development  of,  185. 

—  spinal,  170,  185. 

—  sympathetic,  174,  185. 
Ganglion  of  cochlea,  441. 

—  of  glossopharyngeal,  438. 

—  of  Scarpa,  441. 

—  of  vagus,  437. 

—  Gasserian,  451. 

—  geniculate,  449. 

—  of  habenula,  462,  470. 

—  interpeduncular,  462. 
Gas-chamber,  73. 
Genital  corpuscles,  191. 
Gennari,  line  of,  485. 
Germinal  spot,  396. 

—  vesicle,  396. 

Giant  cells  of  cerebrum,  483. 
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Giant  cells  of  marrow,  45. 

 of  spleen,  249. 

Gianuzzi,  crescents  of,  323. 
V.  Gieson's  stain,  555. 
Gland  or  glands. 

—  agminated,  342,  339. 

—  anal,  351. 

—  of  Bowman,  530. 

—  of  Brunner,  342,  333. 

—  carotid,  254. 

—  cernminous,  279,  530. 

—  classification  of,  70. 

—  coccygeal,  254. 

—  of  Cowper,  381. 

—  ductless,  70. 

—  of  Ebner,  314. 

—  gastric,  328. 

—  h^mal,  232,  236. 

—  internally  secreting,  71. 

—  lacrymal,  503. 

—  of  Lieberkiihn,  338. 

—  of  Littr^,  381. 

—  lymph,  225,  232. 

—  mammary,  282. 

—  Meibomian,  277,  502. 

—  Pacchionian,  499. 

—  pineal,  472. 

—  pituitary,  243,  256,  473. 

—  racemose,  70. 
- —  saccular,  70. 

—  salivary,  319. 

—  sebaceous,  265,  277. 
— ■  secreting,  63,  68. 

—  serous,  314,  323. 

—  solitary,  241,  351. 

—  sweat,  265,  278. 

—  thymus,  232,  239. 

—  tubular,  70. 
Glia  cells,  181,  186. 
Glisson,  capsule  of,  353. 
Glomeruli  of  kidney,  364. 

—  olfactory,  495. 

Glycogen    in    colourless  blood-cor- 
puscles, 54. 

—  in  liver  cells,  356. 
Goblet-cells,  76. 

Gold-methods    of    staining  nerve- 
endings,  559. 
Golgi-Mazzoni  corpuscles,  195. 
Golgi,  organs  of,  195. 

—  cells  of,  479. 

—  methods  of  preparing  the  nervous 

system,  559. 

—  reticulum  of,  162. 

—  types  of  nerve-cells,  165. 
Graafian  follicles,  395. 

Grand  ry,   corpuscles   of,    188,  192, 
193. 

Granules  of  protoplasm,  4. 

—  of  colourless  blood-corpuscles,  30, 

35. 


IRI 

Ground -substance,   2,  $2,   99,  101, 

103,  112,  114,  145. 
V.  Gudden,  method  of,  179. 
Gullet.    See  asophagus. 
Gustatory  cells,  315. 

—  organs,  312. 

—  pore,  315. 

Gyrus  dentatus,  492,  494. 

—  hippocampi,  492. 

Habenula,  470. 
Hieniacytometer,  32. 
Hajmal  glands,  232,  236. 
Hjematin,  50. 
Hffimatoblasts,  38. 
Hjematoidin,  51. 
Haemin,  51. 
Haimoglobin,  48,  51. 
Haemolysis,  49. 

Hair-cells  of  internal  ear,  536, 541, 543. 
Hair-follicle,  structure  of,  268. 
Hairs,  29,  265,  268. 

—  development  of,  275. 

—  muscles  qf,  277. 
Hardening  solutions,  545. 

Hassal,  concentric  corpuscles  of,  240. 
Haversian  canals,  114,  117. 

—  fringes,  107. 

—  Iamella3,  115. 

—  systems,  115. 
Hayem's  solution,  .32. 
Heart,  284. 

—  muscle  of,  141,  284. 

—  nerves  of,  289. 

—  valves  of,  289. 

—  vessels  of,  289. 
Heidenhain's  stain,  554. 

Henle,  fenestrated  membrane  of,  210. 

—  looped  tubules  of,  368,  370. 

—  sheath  of,  156,  192. 
Hensen,  line  of,  131. 
Hepatic  lobules,  353. 

—  cells.  .355. 

Herbst,  corpuscles  of,  188,  193,  194. 
Hippocampus  major,  491,  493. 
His,  bundle  of,  288. 
Histogenesis,  24. 
Histology,  meaning  of  term,  1. 
Hyaloid  membrane,  527. 
Hyaloplasm,  4,  10. 
Hypophysis  cerebri,  256,  473. 
Hypothalamus,  472. 

Idiozome,  393. 

Intercellular  channels,  65,  142,  260. 

—  substance,  2,  81,  82,  99,  101,  103, 

112,  114,  145. 
Internal  capsule,  497,  498. 
Intestine,  large,  336,  350. 

—  small,  3.36^ 
Iris,  501,  511. 
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Jelly  of  Wharton,  101. 
Jenner's  stain,  556. 

Karyokinesis,  12. 
Karyomitonie,  10. 
Kai-yoplasm,  10. 
Keratinisation,  64. 
Kerato-hyaline,  260,  264. 
Kidney,  364. 

—  blood-vessels  of,  370. 

—  development  of,  373. 
Krause,  membrane  of,  131,  134. 
Kultsohitzky's    hsematoxylin  stain, 

5.54. 

KuptFer,  cells  of,  355. 

Labyrinth  of  ear,  533. 

—  of  kidney,  370. 
Lacrymal  glands,  503. 
Lac  teals,  344. 

Lacunae  of  bone,  114,  115. 

—  of  urethra,  381. 

Lamellte  of  bone,  114,  115,  116. 
Lamina  cribrosa,  504. 

—  fusca,  504. 

—  reticularis,  541. 

—  suprachoroidea,  511. 
Landolt,  fibre  of,  519. 
Langerhans,  islets  of,  359. 

—  centro-acinar  cells  of,  362. 
Lanugo,  276. 

Larynx,  293. 
Lens,  525,  501. 

Leucocytes,  33,  34,  46,  51,  57.  (See 
also  blood-corpuscles,  colourless). 
Lieberkiihn,  crypts  of,  338. 
Ligamentum  pectinatum,  507. 
Ligula,  445. 
Limbus  of  cochlea,  539. 
Linen  fibres,  29. 
Linin,  12. 

Lipoid  substances,  3,  8,  33,  50. 
Liver,  352. 

—  blood-vessels  of,  353. 

—  cells  of,  .355. 

—  ducts  of,  357. 

—  intracellular  canals  of,  356. 

—  lobules  of,  353. 

—  lymphatics  of,  358.  ■ 

Lowit,  chloride  of  gold  method  of, 
559. 

Lung,  290,  293. 

—  blood-vessels  of,  298. 

—  development  of,  299. 

—  lymph-vessels  of,  299. 

Luys,  corpus  subthalamicuni  of,  472. 
Lymph-corpuscles.      (See  blood-cor- 
puscles, colourless). 
Lymph-glands  or  lymphatic  glands, 

225,  232. 
 ha;mal,  232,  236. 


MIT 

Lymph-plexuses,  228. 
Lymph-vessels   or  lymphatics,  216, 
225. 

—  connection  with  cells  of  connective 

tissue,  88,  228. 

—  development  of,  229,  239. 

—  nerves  of,  226. 
Lymphocytes,  35,  36,  43. 
Lymphoid  nodules,  232,  233,  236,  341, 

351. 

Lymphoid  tissue,  81,  92,  233,  239. 
 development  of,  239. 

Macula  acustica,  536. 

—  lutea  of  retina,  .524. 
Male  pronucleus,  24. 
Mallory,  stain  of,  557. 
Malpighi,  rete  mucosum  of,  260. 

—  pyramids  of,  364. 

Malpighian    corpuscles    of  kidney, 
364. 

—  —  of  spleen,  239,  244. 
Mammary  glands,  282. 
Marcano's  solution,  32. 

Marchi's  method  of  staining  degen- 
erated nerve-fibres,  558. 
Marrow,  43,  114,  118. 
Martiuotti,  cells  of,  485. 
Mast-cells,  84. 
Mayer's  stain,  554,  555. 
Measuring  objects,  27. 
Medulla  oblongata,  428. 

 nerves  arising  from,  435. 

Megakaryocytes,  45. 
Meissner,  plexus  of,  336,  338. 
Membrana  tectoria,  544. 

—  tympani,  532. 
Mesencephalon,  428,  446,  458. 
Mesenchyme,  25,  98. 
Mesothelium,  25,  68. 
Metencephalon,  428. 
Methods  of  embedding,  547. 

—  of  measuring  microscopic  objects, 

27. 

—  of  mounting  sections,  545,  552. 

—  of  preparing  sections,  548. 

—  of  preserving  and  hardening,  545. 

—  of  staining,  553. 

Meyuert,  bundle  of.    See  tracts. 

—  decussation  of,  461. 
Micron,  34. 
Micrometer,  27. 
Microscope,  26. 

Microscopic    work,    requisites  for, 
26. 

Microtomes,  548. 
Mid-brain,  428.  458. 
Migration  of  colourless  blood-corpus- 
cles, 59,  61,  221. 
Minot,  microtome  of,  550. 
Mitochondria,  5,  362,  393. 
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Mitosis,  12. 

—  heterotypical,  17,  20. 

—  homotypical,  17,  20. 

—  multipolar,  19. 

—  somatic,  17. 
Moist  chamber,  73. 
Mould,  29. 

Mounting  fluids,  545,  552. 
Moutli,  mucous  membrane  of,  316. 
Mucigen,  76,  321. 
Mucous  cells,  323. 
Mucus-secreting  cells,  76,  321. 
Muir's  stain,  556. 
Miiller,  fibres  of,  522. 

—  helicine  arteries  of,  378. 

—  muscle  of,  511. 

—  fluid  of,  545. 

Muscle,  blood-vessels  and  lymphatics 
of,  138,  139. 

—  cardiac,  138,  141. 

—  changes  in  contraction,  135,  137. 

—  corpuscles,  131. 

—  development  of,  140. 

—  ending  of,  in  tendon,  138. 

—  involuntary  or  plain,  138,  144. 

  development  of,  147. 

 of  arteries,  210. 

—  nerves  of,  140,  202. 

—  nuclei  of,  131,  142. 

—  of  insects,  133,  134. 

—  in  polarized  light,  136. 
Muscle,  principal  disk  of,  135. 

—  red  133. 

—  spindles,  128,  140,  188,  202. 

—  structure  of,  compared  with  proto- 

plasm, 137. 

—  voluntary  or  cross-striated,  128, 

129. 

Mu.scle-plate,  140. 
Myelencephalon,  428. 
Myelin,  151. 
Myelination,  413. 
Myelocytes,  43. 
Myeloplaxes,  45. 
Myocardium,  284. 

Nails,  265. 

—  development  of,  267. 
Nerve  or  nerves. 

—  abducent,  450. 

—  autonomic,  153. 

—  chorda  tympani,  449. 

—  coclilear,  441,  544. 

—  eighth,  440,  534. 

—  facial,  448. 

— •  glossopharyngeal,  438. 

—  hypoglossal,  436. 

—  motor,  183. 

—  optic,  466. 

—  spinal  accessory,  437. 

—  trigeminal,  431,  450. 


NUC 

Nerve  or  nerves : 

—  vagus,  4;{7. 

—  vestibular,  443. 

—  of  Wrisberg,  448. 
Nerve-cells,  157. 

—  bipolar,  165. 

—  degeneration  of,  177. 

—  development  of,  183. 

—  multipolar,  165. 

—  processes  of,  164. 
' —  reticulum  of,  162. 

—  of  spinal  ganglia,  170. 

—  of  sympathetic  ganglia,  174. 

—  trophospongium  of,  164. 

—  types  of,  166. 

—  unipolar,  164,  170. 
Nerve-fibres,  140. 

—  axis  cylinder  of,  150,  152,  164. 

—  degeneration  of,  177. 

—  development  of,  183. 

—  medullated,  148. 

—  medullary  segments  of,  151. 

—  motor,  terminations  of,  188,  205. 

—  non-mcduUated,  148,  153. 

—  regeneration  of,  179. 

—  sensory,  modes  of  termination  of, 

188,  189,  199,  202. 

—  size  of,  152. 

—  sheaths  of,  149,  156,  185. 

—  varieties  of,  148. 
Nerve-trunks,  structure  of,  154. 
Nerve-unit,  167- 

Nervi  nervorum,  156. 
Neuroblasts,  183. 
Neurofibrils,  152,  158,  161,  179. 
Neuroglia,  181,  186,  411,  479,  487. 
Neurokeratin,  151. 
Neurolemma,  150,  185. 
Neurone,  158,  167,  469. 

—  theorj^  170. 
Neuro-synapse,  170. 

Nissl,    granules   of,   in  nerve-cells, 
158. 

—  degeneration,  177. 

—  method  of   staining  nerve-cells, 

561. 
Nuclein,  11. 
Nucleolus,  11,  14. 
Nucleus  of  cell,  3,  8,  10,  13. 
Nucleus  or  nuclei  (nerve). 

—  of  abducens.  450. 

—  of  accessory,  432,  437. 

—  accessory  auditory,  441. 

—  ambiguus,  437. 

—  of  Bechterew,  443,  444. 

—  caudatus,  497. 

—  of  cochlear  nerve,  441. 

—  commissural,  438. 

—  cuneatus,  414,  431. 
 outer,  444. 

—  of  Deiters,  443,  444,  448. 
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Nucleus  or  nuclei. 

—  dentatus,  435,  474. 

—  descending,  of  facial,  vagus,  and 

glossopharyngeal,  438,  440. 

—  descending  vestibular,  443. 

—  of  facial,  448. 

—  of  fasciculus  teres,  437. 

—  of  fillet,  461. 

—  of  glossopharyngeal,  433,  438. 

—  gracilis,  413,  431. 

—  of  hypoglossal,  433,  436,  440. 

—  lateral,  429. 

—  lenticularis,  497,  498. 

—  oculomotor,  458. 

—  of  olive,  429,  435,  444. 

—  of  pons,  446. 

—  of  posterior  longitudinal  bundle, 

460. 

—  preolivary,  448. 

—  red,  of  tegumentum,  460. 

—  semilunar,  448. 

—  of  Stilling,  420,  474. 

—  superior  olivary,  442,  448. 

—  tecti  (s.  fastigii),  474. 

—  of  thalamus,  467. 

—  of  trapezium,  447. 

—  of  trigeminal,  434,  450. 

—  trochlear,  459. 

—  of  vagus,  432,  433,  437. 

—  of  vestibular  nerve,  434,  443. 

Odontoblasts,  305,  309. 
(Esophagus,  316. 
Olfactory  bulb,  491,  494. 

—  cells,  529. 

—  glomeruli,  495. 

—  mucous  membrane,  528. 

—  nerve-fibres,  495. 

—  path,  497. 

—  tract,  491,  494. 
Olive,  429,  432,  435. 

—  superior,  442,  448. 
Omentum,  216. 
Onychogenic  substance,  267. 
Oocytes,  396. 

Oogenesis,  397. 
Opsonins,  61. 
Optic  chiasma,  466. 

—  nerves,  466. 

—  thalamus,  467,  497. 

—  tract,  465,  466,  470. 
Ora  serrata,  525. 

Ossification,  intracartilaginous,  118. 

—  intramembranous,  118,  125,  127. 
Osteoblasts,  118,  119,  127. 
Osteoclasts,  122,  311. 
Osteogenic  fibres,  125. 

Otoliths,  536. 
Ovary,  394. 
Ovum,  24,  394,  395. 

—  division  of,  20 


REM 

Pacinian  corpuscles,  188,  189,  192, 

221,  265,  267,  363,  378. 
Pancreas,  353,  359. 
Papillae  of  hairs,  268. 

—  of  tongue,  312. 

—  of  skin,  264. 

—  of  kidney,  364. 
Paranucleus,  5,  362. 
Paraplasm,  6. 
Parathyroids,  253. 
Pelvis  of  kidney,  364. 
Penis,  376,  378. 
Perforating  fibres,  116. 
Pericardium,  286. 
Perineurim,  155. 
Periosteum,  114,  117. 
Perimysium,  139. 

Pes  pedunculi,  462. 
Peyer,  patches  of,  239,  342. 
Phagocytes,  35,  36,  37,  61,  236,  249, 

355. 
Pharynx,  316. 
Phototaxis,  8 
Pia  mater,  408,  499. 
Pick,  bundle  of,  430. 
Pigment-cells,  85. 
Pigment-granules,  161. 
Pineal  gland,  472. 
Pinna,  530. 

Pituitary  body,  243,  256,  473. 
Placenta,  394,  404. 
Plasma  cells,  85. 
Pleura,  299. 
Polar  bodies,  21. 
Pons,  446. 

—  nerves  arising  from,  448. 
Portal  canal,  353. 
Preserving  solutions,  545. 
Prickle-cells,  65. 
Projection  fibres,  486. 
Pronuclei,  24. 

Proprio-spinal  fibres  of  cord,  414,  419. 

Prostate,  376,  381. 

Protoplasm,  3. 

Pseudonucleoli,  11. 

Pseudopodia,  59. 

Purkinje,  cells  of,  475. 

—  fibres  of,  284,  288. 

Pyramids  of  medulla  oblongata,  428, 
429,  446. 

Ranvier,   gold-chloride  method  of, 
559. 

—  constrictions  of,  151. 

—  picro-carmine  stain  of,  555. 

v.  Recklinghausen,  method  of  staining 

with  silver  nitrate,  557. 
Reil,  fillet  of,  442,  455. 

—  island  of,  483. 
Reissner,  membrane  of,  539. 
Remak,  iibres  of,  154. 
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Restiform  body,  480. 

Reticular  or  retiforni  tissue,  80,  91, 

3.53,  433,  440,  444. 
Retina,  501,  514. 

—  macula  lutea  of,  524. 

—  pars  ci  liar  is  of,  525. 

—  sensory  epithelium  of,  520. 
Rhinencephalon,  491. 
Ringer's  solution,  30. 
Rolando,  tubercle  of,  431, 
Rollett's  method  of  staining  muscle, 

128. 

Rouleaux  of  blood  corpuscles,  30,  33, 

34,  50. 
Ruffini,  organs  of,  195. 

Saccule,  534,  535. 
Salivary  corpuscles,  63,  236. 

—  glands,  319. 

Sarcolemma,  128,  129,  141,  144. 
Sarcomeres,  134. 
Sarcoplasm,  130. 
Sarcostyles,  129,  130. 
Sai'cous  elements,  129,  134. 
Schwann,  sheath  of,  150. 
Sclerotic  coat  of  eye,  503. 
Sections,  preparation  of,  548. 
Semicircular  canals,  533,  535. 
Seminiferous  tubules,  386. 
Serous  membranes,  216,  225,  230. 
Sertoli,  cells  of,  387. 
Sharpey,  fibres  of,  116. 
Sihler's   method  of  staining  nerve- 
endings,  561. 
Siliqua  olivje,  435. 
Silver-methods,  559,  562. 
Sinusoids,  209,  220,  223,  251,  254,  355. 
Skin,  259. 

Spermatogenesis,  390. 
Spermatozoa,  376,  388. 
Sphincter  ani,  internal,  351. 

—  pupilla3,  511. 

Spinal  bulb.  See  medulla  oblongata. 
Spinal  cord,  408. 

 blood-vessels  of,  425. 

 cell  columns  of,  420,  423. 

 central  canal  of,  409,  425,  432. 

 characters   in  difi'erent  parts, 

411. 

 commissures  of,  409. 

 connection  of  nerve-roots  with, 

424,  409. 

 cornua  of,  409,  411,  423,  428, 

431. 

 grey  matter  of,  409,  411,  420. 

 membranes  of,  408. 

 nerve-cells  of,  420. 

 proprio  spinal  fibres  of,  414,  419. 

 tracts  in,  408,  413. 

 white  columns  of,  409,  411,  413, 

431. 


TRA 

Spinal  ganglia,  170. 

Spindle,  achromatic,  9,  18,  19. 

Spleen,  243. 

Splenic  cells,  61,  249. 

—  lobules,  249. 
Spongioblasts,  181,  186. 
Spongioplasm,  4,  7. 
Staining  of  sections,  553. 
Stanley-Kent,  bundle  of,  288. 
Starch  granules,  27. 
Stilling,  nucleus  of,  420. 
Stomach,  326. 

—  blood-vessels  of,  333. 

—  glands  of,  328. 

—  lymphatics  of,  333. 
Stomata,  216,  231. 
Stria  meduUaris,  470. 

—  vascularis,  543. 

Stroma  (of  blood  corpuscle),  33,  48,  50. 
Substantia  gelatinosa,  41 1,  451. 

—  nigra,  402. 
Subthalamus,  472. 
Suprarenal  capsules,  243,  249. 
Sweat-glands,  265,  278. 
Sympathetic  ganglia,  174. 

—  nerves,  153. 
Synapse,  18,  167,  170. 
Syncytium,  2,  142,  147,  223,  365. 
Synovial  membranes,  102,  106. 

Tactile  corpuscles,  189. 

—  disks,  192,  201. 
Taenia,  445,  446. 
Taste-buds,  314. 
Teeth,  300. 

—  formation  of,  306. 

—  pulp  of,  305. 
Tegmentum,  456,  460,  472. 
Telencephalon,  428. 
Tendon,  97. 

—  connection  with  muscle,  138. 

—  nerve  endings  in,  195. 
Tendon-cells,  97. 
Testicle,  376,  382. 

—  intertubular  tissue  of,  386. 
Tetrads,  17. 

Thalamencephalon,  428,  446,  467. 
Thalamus,  467,  497. 
Thermotaxis,  8. 
Thrombocytes,  37,  52. 
Thymus  gland.  232,  239. 
Thyroid  body,  243,  252. 
Tissues,  enumeration  of,  1. 

—  formation  from  blastodermic  layers, 

24. 

Tongue,  312. 
Tonsils,  232,  236. 
Tooth.    See  teeth. 
Trachea,  290. 

Tract  or  tracts,  methods  of  studying, 
408. 
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Tract  or  tracts  or  bundles. 

—  anterior  (ventral)  longitudinal.  <S'ee 

tecto-spinal  tract. 

—  anterolateral  ascending.    See  tract 

of  Gowers. 

 descending,    ^ee  tract  of  Loe- 

wenthal. 

—  ascending,  4i:^,  414,  41G,  417,  453. 

—  bulbo-thalainic.    -See  tract  of  fillet, 
of  Burdach,  413,  432. 

—  central  acoustic,  461. 

 of  cranial  nerves,  456,  468,  470. 

 of  tegmentum,  435,  452. 

—  cerebello-bulbar,  440. 

—  comma,  414. 

—  of  cord,  413. 

—  cortico-bulbar,  452,  456. 

—  cortico  pontine,  446,  462. 

—  cortico-spinal.    See  pyramid  tract. 

—  crossed  pyramidal.    See  pyramid 

tract. 

—  descending,  413,  414,  416,  417,  452, 

456. 

—  descending  cerebellar,  417. 

—  direct  pyramid.  See  pyramid  tract. 

—  myelination  of,  413. 

—  of  fillet,  432,  434,  442,  453,  461,  468. 

—  of  Flechsig,  417,  435. 

—  of  Goll,  413,  432, 

—  of  Gowers,  419,  435,  458. 

—  of  Gudden,  461  (footnote),  471. 

—  of  Helweg,  417. 

—  of  Lissauer,  419. 

—  of  Loewenthal,  417,  444. 

—  of  Marie,  420. 

—  of  Meynert,  461,  462,  466,  471. 

—  of  Monakow,  417,  452,  460. 

—  of  Miinzer,  461. 

—  of  Pick,  4.30. 

—  olfactory,  494. 

—  olivo-cerebellar,  435. 

—  olivo-spinal.    .See  tract  of  Helweg. 

—  optic,  464,  465,  466,  468. 

—  ponto-spinal,  417,  452. 

—  posterior    (dorsal),  longitudinal, 

417,  434,  444,  448,  452,  460. 

—  prepyramidal.    See  tract  of  Mona- 

kow. 

—  pyramid,  416,  428,  430,  446,  452, 

462,  499. 

—  of  Risien- Russell,  481. 

—  rubro-spinal.    »Siee  tract  of  Mona- 

kow. 

—  spino-cerebellar,  417, 419,  435,  458, 

480. 

—  spino-tectal,  419. 

—  spino-thalamic,  419,  468. 

—  sulco-marginal,  420. 


ZYM 

Tract  or  tracts  or  bundles. 

—  tecto-spinal,  417,  434,  453,  461, 466. 

—  thalamo-bulbar,  456. 

—  thalamo-olivary,  435,  453. 

—  transverse  peduncular,  467. 

—  ventral   longitudinal.    See  tecto- 

spinal tract. 

—  vestibulo-motor.      See  posterior 

longitudinal  tract. 

—  vestibulo  spinal,  452. 

—  of  Vicq  d'Azyr,  471. 
Trapezium,  441,  442,  447. 
Trophospongiuin,  4,  164. 
Tubercle  of  Rolando,  431. 
Tuberculum  acusticum,  441. 

—  olfactorium,  494. 
Tympanum,  530. 

Urkter,  376. 

Urethra,  376,  380. 

Urinary  bladder,  376. 

Uriniferous  tubules,  364, 366,  370,  373. 

Uterus,  394,  402. 

Utricle,  534,  535. 

Vaoina,  394. 

Vas  deferens,  382,  384. 

Vasa  vasorum,  221. 

Vasoformative  colls,  42,  223. 

Veins,  structure  of,  208,  213,  216. 

—  valves  of,  215. 

—  variations  in,  215. 
Ventricle,  fourth,  432,  444,  456. 
Vermiform  appendix,  351. 
Vesiculce  seminales,  385. 

Villi,  arachnoidal,  499. 

—  fostal,  404. 

—  of  intestine,  342. 

—  of  synovial  membrane,  107. 
Vitellus,  309. 

Vitreous  humour,  527. 
Volkmann,  canals  of,  116. 

Wallerian  degeneration,  177,  413. 
Wander-cells,  85. 
Warming  apparatus,  57. 
Weigert-Pal  method  for  staining  sec- 
tions of  the  nervous  system,  558. 
Wharton,  jelly  of,  101. 
Williams,  microtome  of,  549. 
Woollen  fibres,  29. 
Wrisberg,  nerve  of,  448,  449. 

Yeast,  29. 

Zenker,  fluid  of,  545. 
Zinn,  zonule  of,  527. 
Zymogen,  324. 
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ASHBY  AND  WRIGHT.  THE  DISEASES  OF  CHILDREN 
MEDICAL  AND  SURGICAL.  By  HENRY  ASHBY.  md' 
Lond.,  P.R.C.P.,  late  Physician  to  the  Manchester  Children's  Hospital  • 
^-  WRIGHT,  B.A.,  M.B.  Oxon.,  F.R.C.S.  Eng.,  Surgeon  to  the 
Manchester  Royal  Infirmary ;  Consulting  Surgeon  to  the  Manchester  Child- 
ren's Hospital.  With  15  Plates  (1  Coloured)  and  241  Illustrations  in  the 
Text.    Fifth  Edition.    Thoroughly  Revised,  1905.    8vo,  21s.  net 


BAIN   AND    EDGECOMBE.      THE    PHYSIOLOGY  AND 
THERAPEUTICS    OF    THE    HARROGATE  WATERS 
BATHS,  AND   CLIMATE  APPLIED  TO  THE  TREAT- 
MENT OF  CHRONIC   DISEASE.     By  William  Bain,  M.D.. 
M.R.C.P.,  and  Wilfrid  Edgecombe,  M.D.    8vo,  7s.  6d.  net. 


BENNETT.— rr0i?/<r5  by  Sir  WILLIAM  H.  BENNETT,  K.C.V.O., 
F.R.O.S.,  Surgeon  to  St.  George's  Hospital. 

RECURRENT  EFFUSION  INTO  THE  KNEE-JOINT  AFTER 
INJURY,  WITH  ESPECIAL  REFERENCE  TO  INTERNAL 
DERANGEMENT,  COMMONLY  CALLED  SLIPPED  CAR- 
TILAGE :  an  Analysis  of  750  Cases.  A  Clinical  Lecture  delivered  at 
St.  George's  Hospital.    With  13  Illustrations.    8vo,  3s.  6d. 

CLINICAL  LECTURES  ON  VARICOSE  VEINS  OF  THE 
LOWER  EXTREMITIES,    with  3  Plates.    8vo,  6s. 

ON  VARICOCELE  :  A  PRACTICAL  TREATISE.  With  i  Tables 
and  a  Diagram.    8vo,  5s. 

CLINICAL  LECTURES  ON  ABDOMINAL  HERNIA:  chiefly 
in  relation  to  Treatment,  including  the  Radical  Cure.  With  12  Diagrams 
in  the  Text.    8vo,  8s.  6d. 

ON  VARIX,  ITS  CAUSES  AND  TREATMENT,  WITH 
ESPECIAL  REFERENCE  TO  THROMBOSIS.    8vo,  3s.  6d. 

LECTURE  ON  THE  USE  OF  MASSAGE  AND  EARLY 
MOVEMENTS  IN  RECENT  FRACTURES  AND  OTHER 
COMMON  SURGICAL  INJURIES  :  SPRAINS  AND  THEIR 
CONSEQUENCES  :  RIGIDITY  OF  THE  SPINE,  AND 
THE  MANAGEMENT  OF  STIFF  JOINTS  GENERALLY. 

With  23  Illustrations.    8vo,  6s. 

THE  PRESENT  POSITION  OF  THE  TREATMENT  OF 
SIMPLE  FRACTURES  OF  THE  LIMBS  :  an  Address  delivered 
to  the  British  Medical  Association.  To  which  is  appended  a  Summary  of 
the  Opinions  and  Practice  of  about  300  Surgeons.    8vo,  2s.  6d. 
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CABOT.  A  GUIDE  TO  THE  CLINICAL  EXAMINATION 
OF  THE  BLOOD  EOE  DIAGNOSTIC  PUEPOSES.  By 
RICHARD  C.  CABOT,  M.D.,  Physician  to  Out- Patients,  Massachusetts 
General  Hospital.    With  3  Coloured  Plates  and  28  Illus.  in  Text.    8vo,  16s. 


COATS.  A  MANUAL  OE  PATHOLOGY.  By  JOSEPH  COATS, 
M.D.,  late  Professor  of  Pathology  in  the  University  of  Glasgow.  Fifth 
Edition,  1903.  Revised  throughout  and  Edited  by  LEWIS  R.  SUTHER- 
LAND, M.D.,  Professor  of  Pathology,  University  of  St.  Andrev^s.  With 
729  Illustrations  and  2  Coloured  Plates.    Bvo,  28s.  net. 


CHEYNE  AND  BURGHARD.    A  MANUAL  OE  SUEGICAL 

TEEATMENT.  By  Sir  W.  WATSON  CHEYNE,  Bart.,  C.B.,  M.B., 
P.R.C.S.,  P.R.S.,  D.Sc,  Professor  of  Clinical  Surgery  in  King's  College, 
London  ;  Surgeon  to  King's  College  Hospital,  and  the  Children's  Hospital, 
Paddington  Green,  etc. ;  and  P.  P.  BURGHARD,  M.D.  and  M.S.  Lond., 
F.R.C.S.,  Teacher  of  Practical  Surgery  in  King's  College,  London ;  Surgeon 
to  King's  College  Hospital,  and  the  Children's  Hospital,  Paddington  Green, 
etc. 


Pabt  I.  The  treatment  of  General 
Surgical  Diseases,  including  inflam- 
mation, suppuration,  ulceration, 
gangrene,  vrounds  and  their  compli- 
cations, infective  diseases  and  tum- 
ours; the  administration  of  anaesthe- 
tics. With  66  Illustrations.  Royal 
8vo,  9s.  net. 

Pabt  II.  The  treatment  of  the  Surgical 
Afiections  of  the  Tissues,  including 
the  skin  and  subcutaneous  tissues, 
the  nails,  the  lymphatic  vessels  and 
glands,  the  fascise,  bursas,  muscles, 
tendons  and  tendon-sheaths,  nerves, 
arteries  and  veins  ;  deformities. 
With  141  Illustrations.  Royal  8vo, 
12s.  net. 

Pabt  III.  The  treatment  of  the  Surgical 
Affections  of  the  Bones.  Ampu- 
tations. With  100  Illustrations. 
Royal  8vo,  10s.  6d.  net. 

Past  IV.  The  treatment  of  the  Surgical 
Afiections  of  the  Joints  (including 
excisions)  and  the  spine.  With  138 
Illustrations.    Royal  Bvo,  12s,  net.  ' 


Pabt  V.  The  treatment  of  the  Surgical 
Affections  of  the  head,  face,  jaws, 
lips,  larynx  and  trachea;  and  the 
Intrinsic  Diseases  of  the  nose,  ear 
and  larynx,  by  H.  Lambebt  Lack, 
M.D.  (Lond.),  P.R.C.S.,  Surgeon  to 
the  Hospital  for  Diseases  of  the 
Throat,  Golden  Square,  and  to  the 
Throat  and  Ear  Department,  the 
Children's  Hospital,  Paddington 
Green.  With  145  Illustrations. 
Royal  8vo,  15s.  net. 

Pabt  VI.— Section  1.  The  Surgical 
Affections  of  the  tongue  and  floor 
of  the  mouth,  the  pharynx,  neck, 
oesophagus,  stomach  and  intestines. 
With  an  Appendix  on  the  Examin- 
ation of  the  Blood  in  Surgical 
Condition.  By  W.  Bstb  Emeby 
M.D.,  D.Sc.  (Lond.).  With  124 
Illustrations.  Royal  8vo,  15s.  net. 
Section  2.  The  Surgical  Affections 
of  the  rectum,  the  liver,  pancreas 
and  spleen,  and  genito-urinary 
organs,  the  breast  and  the  thorax. 
With  113  Illustrations.  Royal  8vo 
18s.  net. 
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COOKE.-W0RKS  by  THOMAS  COOKE,  F.R.C.S.  Eng.,  B.A.,  B.Sc. 
M.D.  Paris,  late  Senior  Assistant  Surgeon  to  the  Westminster  Hospital.  ' 

TABLETS  OF  ANATOMY.  Being  a  Synopsis  of  demonstrations  given 
in  the  Westminster  Hospital  Medical  School.  Eleventh  Edition  in  three 
Parts,  thoroughly  brought  up  to  date,  and  with  over  700  Illustrations  from 
all  the  best  sources,  British  and  Foreign.  Post  4to.  Part  I.  The  Bones, 
7s.  6d.  net ;  Part  II.  Limbs,  Abdomen,  Pelvis,  10s.  6d.  net ;  Part  III.  Head 
and  Neck,  Thorax,  Brain,  10s.  6d.  net. 

APHORISMS  IN  APPLIED  ANATOMY  AND  OPERATIVE 
SURGERY.  Including  100  Typical  vivd  voce  Questions  on  Surface 
Marking,  etc.    Crown  8vo,  3s.  6d. 

DAKIN.    A  HANDBOOK  OF  MIDWIFERY.    By  William  rad- 

FORD  DAKIN,  M.D.,  F.R.C.P.,  Obstetric  Physician  and  Lecturer  on 
Midwifery  at  St.  George's  Hospital,  Examiner  in  Midwifery  and  Diseases  of 
Women  on  the  Conjoint  Board  of  the  Royal  Colleges  of  Physicians  and 
Surgeons  in  England,  etc.    With  400  Illustrations.    Large  crown  8vo,  18s. 


DICKSON.  THE  BONE-MARROW  :  a  Cytological  study.  Forming 
an  Introduction  to  the  Normal  and  Pathological  Histology  of  the  Tissue,  more 
especially  with  regard  to  Blood  Formatoin,  Blood  Destruction,  etc.  Together 
with  a  short  account  of  the  Reactions  and  Degenerations  of  the  Tissue  in 
Disease.  By  W.  E.  CARNEGIE  DICKSON,  M.D.,  B.Sc.  Edin.,  P.R.C.P. 
Edin.,  Lecturer  on  Pathological  Bacteriology  and  Senior  Assistant  to  the 
Professor  of  Pathology  in  the  University  of  Edinburgh ;  Assistant  Pathologist 
to  the  Edinburgh  Royal  Infirmary.  With  12  Coloured  Plates  and  51  Micro- 
Photographs  by  Richard  Muir.    Medium  4to,  £2  2s.  net. 


DICKINSON.  — TFOi^iTS  by  W.  HOWSHIP  DICKINSON,  M.D. 
Cantab.,  F.B.C.P.,  Consulting  Physician  to  St.  George's  Hospital;  Consxdting 
Physician  to  the  Hospital  for  Sick  Children,  etc. 

ON  RENAL  AND  URINARY  AFFECTIONS.  Complete  in  Three 
Parts,  Svo,  with  12  Plates,  and  122  Woodcuts.    £3  4s.  6d. 

THE  TONGUE  AS  AN  INDICATION  OF  DISEASE  ;  being  the 
Lumleian  Lectures  delivered  at  the  Royal  College  of  Physicians  in  March, 
1888.    8vo,  7s.  6d. 

OCCASIONAL  PAPERS  ON  MEDICAL  SUBJECTS,  1855-1896. 
8vo,  12s. 


FOWLER  AND  GODLEE.  THE  DISEASES  OF  THE  LUNGS. 

By  JAMES  KINGSTON  FOWLER,  M.A.,  M.D.,  F.R.C.P.,  Physician  to 
the  Middlesex  Hospital  and  to  the  Hospital  for  Consumption  and  Diseases 
of  the  Chest,  Brompton,  etc.  ;  and  RICKMAN  JOHN  GODLEE,  M.S 
F.R.C.S. ,  Honorary  Surgeon-in-Ordinary  to  His  Majesty,  Fellow  and 
Professor  of  Clinical  Surgery,  University  College,  London,  etc.  With 
160  Illustrations.    8vo,  25s. 
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GARROD.  THE  ESSENTIALS  OF  MATBEIA  MEDICA  AND 
THEEAPEUTICS.  By  Sir  ALFRED  BARING  GARROD,  M.D., 
F.R.S.,  etc. ;  late  Vice-President  of  ttie  Royal  College  of  Physicians.  Four- 
teenth Edition,  Revised  and  Edited,  under  the  Supervision  of  the  Author, 
by  NESTOR  TIRARD,  M.D.  Lond.,  F.R.C.P.,  Professor  of  Materia  Medica 
and  Therapeutics  in  King's  College,  London,  etc.    Crown  8vo,  12s.  6d. 


GOODSALL  AND  MILES.  DISEASES  OF  THE  ANUS  AND 

EECTUM.  By  D.  H.  GOODSALL,  F.R.C.S.,  late  Senior  Surgeon 
Metropolitan  Hospital,  Senior  Surgeon  St.  Mark's  Hospital ;  and  W. 
ERNEST  MILES,  F.R.C.S.,  Assistant  Surgeon  to  the  Cancer  Hospital, 
Surgeon  (out-patients)  to  the  Gordon  Hospital,  etc.    (In  Two  Parts). 


Pabt  I. — Anatomy  of  the  Ano-rectal  Region — General  Diagnosis — Abscess — 
Ano-rectal  Fistula  —  Recto-urethral,  Recto-vesical  and  Recto-vaginal 
Fistulss — Sinus  over  the  Sacro-coccygeal  Articulation — Fissure — Hsemorr- 
hoids  (External  and  Internal).    With  91  Illustrations.    8vo,  7s.  6d.  net. 


Pabt  II. — Prolapse  of  the  Rectujn — Invagination  of  the  Rectum — Ulceration 
— Stricture  of  the  Anus  and  of  the  Rectum — Malignant  Growths  of  the 
Anus  and  Rectum — Benign  Tumours  of  the  Anus  and  Rectum — Foreign 
Bodies  in  the  Rectum — Pruritus  Ani — Syphilis  of  the  Anus  and  Rectum. 
With  44  Illustrations.    8vo,  6s.  net. 


GRAY.     ANATOMY,  DESCEIPTIVE  AND  APPLIED.  By 

HENRY  GRAY,  F.R.S.,  Fellow  of  the  Royal  College  of  Surgeons,  late 
Lecturer  on  Anatomy  at  St.  George's  Hospital  Medical  School.  Seven- 
teenth Edition.  Edited  by  ROBERT  HOWDEN,  M.A.,  M.B.,  CM., 
Professor  of  Anatomy  in  the  University  of  Durham.  Notes  on  Applied 
Anatomy,  revised  by  A.  J.  JEX-BLAKE,  M.A.,  M.B.,  M.R.C.P.,  Assistant 
Physician  to  St.  George's  Hospital ;  and  W.  FEDDE  FEDDEN,  M.S., 
F.R.C.S.,  Assistant  Surgeon  and  Lecturer  on  Surgical  Anatomy,  St. 
George's  Hospital.    With  1,032  Illustrations.    Royal  Bvo,  325.  net. 


HARE.  THE  FOOD  FACTOE  IN  DISEASE  :  Being  an  investiga- 
tion into  the  humoral  causation,  meaning,  mechanism  and  rational  treat- 
ment, preventive  and  curative,  of  the  Paroxysmal  Neuroses  (migraine, 
asthma,  angina  pectoris,  epilepsy,  etc.),  bilious  attacks,  gout,  catarrhal 
and  other  aSections,  high  blood-pressure,  circulatory,  renal  and  other 
degenerations.  By  FRANCIS  HARE,  M.D.,  late  Consulting  Physician  to 
the  Brisbane  General  Hospital ;  Visiting  Physician  at  the  Diamantina 
Hospital  for  Chronic  Diseases,  Brisbane ;  Inspector-General  of  Hospitals 
for  Queensland.    2  vols.    Medium  Svo,  30s.  net. 
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INFLUENCE  OF  HEKEDITY  ON  DISEASE  (THE),  WITH 
SPECIAL  EEFEEENCE  TO  TUBEECTTLOSIS,  CANCEE, 
AND  DISEASES  OF  THE  NEEVOUS  SYSTEM.  a  Dis- 
cussion opened  by  Sir  WILLIAM  S.  CHURCH,  Bt.,  K.C.B.,  M.D.,  Sie 
WILLIAM  R.  GOWERS,  M.D.,  F.R.S.  (Diseases  of  the  Nervous  System), 
ARTHUR  LATHAM,  M.D.  (Tuberculosis),  and  E.  F.  BASHFORD,  M.D, 
(Cancer).  [From  the  Proceedings  of  the  Royal  Society  of  Medicine,  1909, 
Vol.  II.,  No.  3.]    ito,  4s.  6d.  net. 


LANG.    THE    METHODICAL    EXAMINATION    OF  THE 

EYE.  Being  Part  I.  of  a  Guide  to  the  Practice  of  Ophthalmology  for 
Students  and  Practitioners.  By  WILLIAM  LANG,  F.R.C.S.  Eng.,  Surgeon 
to  the  Royal  London  Ophthalmic  Hospital,  Moorfields,  etc.  With  15 
illustrations.    Crown  8vo,  3s.  6d. 


LUFF.     TEXT -BOOK    OF   FOEENSIC    MEDICINE  AND 

TOXICOLOGY.  By  ARTHUR  P.  LUFF,  M.D.,  B.Sc.  Lond., 
Physician  in  Charge  of  Out-Patients  and  Lecturer  on  Medical  Jurisprudence 
and  Toxicology  in  St.  Mary's  Hospital ;  Examiner  in  Forensic  Medicine  in 
the  University  of  London  ;  External  Examiner  in  Forensic  Medicine  in  the 
Victoria  University ;  Official  Analyst  to  the  Home  Ofi&ce.  With  13  full- 
page  Plates  (1  in  colours)  and  33  Illustrations  in  the  Text.  2  vols.,  Crown 
8vo,  24s. 


NEWMAN.    MOVABLE  KIDNEY  AND  OTHEE  DISPLACE- 
MENTS AND  MALPOSITIONS.    By  david  newman,  m.d., 

F.F.P.S.G.,  Surgeon  to  the  Glasgow  Royal  Infirmary.  With  26  Illustra- 
tions.   8vo,  5s.  net. 


PROBYN-WILLIAMS.  A  PEACTICAL  GUIDE  TO  THE 
ADMINISTEATION  OF  ANESTHETICS.  By  R.  J. 
PROBYN-WILLIAMS,  M.D.,  Anaesthetist  and  Instructor  in  Ansesthetios 
at  the  London  Hospital ;  Lecturer  in  Ansesthetios  at  the  London  Hospital 
Medical  College,  etc.    With  34  Illustrations.    Crown  Svo,  4s.  6d.  net. 
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QUAIN.  QUx\IN'S  (SiE  KICHARD)  DICTIONAEY  OF  MEDI- 
CINE. By  Various  Writers.  Edited  by  H.  MONTAGUE  MURRAY, 
M.D.,  F.R.G.P.,  Joint  Lecturer  on  Medicine,  Charing  Cross  Medical  School, 
and  Physician  to  Charing  Cross  Hospital,  and  to  the  Victoria  Hospital  for 
Children,  Chelsea ;  Examiner  in  Medicine  to  the  University  of  London. 
Assisted  by  JOHN  HAROLD,  M.B.,  B.Ch.,  B.A.O.,  Physician  to  St, 
John's  and  St.  Elizabeth's  Hospital,  and  Demonstrator  of  Medicine  at 
Charing  Cross  Medical  School,  and  W.  CECIL  BOSANQUET,  M.A., 
M.D.,  P.R.C.P.,  Assistant  Physician,  Charing  Cross  Hospital,  etc.  Third 
and  Cheaper  Edition,  largely  Rewritten,  and  Revised  throughout.  With 
21  Plates  (14  in  Colour)  and  numerous  Illustrations  in  the  Text.  8vo, 
21s.  net.,  buckram  ;  30s.  net.,  half-morocco. 


QUAIN.  QUAIN'S  (JONES)  ELEMENTS  OE  ANATOMY. 
The  Tenth  Edition.  Edited  by  EDWARD  ALBERT  SCHAPER,  P.R.S., 
Professor  of  Physiology  in  the  University  of  Edinburgh ;  and  GEORGE 
DANCER  THANE,  Professor  of  Anatomy  in  University  College,  London. 

\*  The  several  parts  of  this  v^ork  form  complete  Text-Books  of  theib 
RESPECTIVE  SUBJECTS.    They  can  be  obtained  separately  as  follows: — 

Vol.  L,  Pabt  I.  EMBEYOLOGY.  By  E.  A.  SCHAPER,  P.R.S.  With 
200  Illustrations.    Royal  8vo,  9s. 

Vol.  L,  Part  II.  QENEEAL  ANATOMY  OE  HISTOLOGY. 
By  B.  A.  SCHAPER,  P.R.S.    With  491  lUustrations.    Royal  8vo,  12s.  6d. 

Vol.  IL,  Part  L  OSTEOLOGY— AETHEOLOGY.  By  G.  D. 
THANE.    With  224  Illustrations.    Royal  8vo,  lis. 

Vol.  IL,  Part  IL  MYOLOGY— ANGEIOLOGY.  By  G.  D. 
THANE.    With  199  Illustrations.    Royal  Bvo,  16s. 

Vol.  III.,  Part  I.  THE  SPINAL  COED  AND  BEAIN.  By  E.  A. 
SCHaPER,  P.R.S.    With  139  Illustrations.    Royal  8vo,  12s.  6d. 

Vol.  III.,  Part  II.    THE  NEEVES.    By  G.  D.  THANE.    Witha02  " 
Illustrations.    Royal  8vo,  9s. 

Vol.  III.,  Part  IIL  THE  OEGANS  OF  THE  SENSES.  ByB  A. 
SCHAPER,  P.R.S.    With  178  Illustrations.    Royal  8vo,  9s. 

Vol.  III.,  Part  IV.  SPLANCHNOLOGY.  By  E.  A.  SCHAPER, 
P.R.S.,  and  JOHNSON  SYMINGTON,  M.D.  With  337  Illustrations. 
Royal  8vo,  16s. 

Appendix.  SUPEEFICIAL  AND  SUEGIGAL  ANATOMY.  By 
Professor  G.  D.  THANE  and  Professor  R.  J.  GODLEE,  M.S.  With  29 
Illustrations.    Royal  8vo,  6s,  6d. 
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QUAIN.  QUAIN'S  ELEMENTS  OF  ANATOMY.  The  Eleventh 
Edition.  Edited  by  EDWARD  ALBERT  SOHlFER,  P.R.S.,  Professor 
of  Physiology  and  Histology  in  the  University  of  Edinburgh  ;  JOHNSON 
SYMINGTON,  M.D.,  P.R.S.,  Professor  of  Anatomy  in  Queen's  College, 
Belfast ;  and  THOMAS  HASTIE  BRYCE,  M.A.,  M.D.,  Regius  Professor 
of  Anatomy  in  the  University  of  Glasgow. 

IN  FOUR  VOLUMES.    Royal  8vo. 

Vol.  I.    EMBEYOLOGY.    By  T.  H.  BRYCE,  M.A.,  M.D.  Illustrated 
by  more  than  300  Engravings,  many  of  which  are  coloured.    10s.  6d.  net. 

Vol.  III.    NEUROLOGY.    By  E.  A.  SCHAPER  and  J.  SYMINGTON. 
Part  I.    Containing  the  General  Structure  of  the  Nervous  System  and 

the  Structure  of  the  Brain  and  Spinal  Cord.    With  361  Illustrations, 

many  of  which  are  coloured.    15s.  net. 
Part  II.    Containing  the  Descriptive  Anatomy  of  the  Peripheral  Nerves 

and  of  the  Organs  of  Special  Sense.     With  numerous  Illustrations, 

many  of  which  are  coloured.    15s.  net. 

*^*  The  other  Volumes  are  in  preparation. 

This  work  has  been  completely  re-edited  and  brought  up  to  date.  The 
volumes  will  comprise  respectively  Embryology;  General  and  Visceral 
Anatomy ;  the  Nervous  System  and  Sense  Organs ;  and  the  Bones, 
Ligaments,  Muscles,  and  Blood-vessels.  Each  volume  will  be  complete 
in  itself,  and  will  serve  as  a  text-book  for  the  particular  subject  or  subjects 
with  which  it  deals.  Thus  the  first  volume  is  intended  to  form  a  com- 
plete text-book  of  Human  Embryology,  the  second  a  text-book  of  His- 
tology and  Visceral  Anatomy,  the  third  a  text-book  of  Neurology,  the 
fourth  dealing  with  the  systems  which  are  not  included  in  the  second  and 
third  volumes. 


SCHAFER.     THE  ESSENTIALS  OE  HISTOLOGY  :  Descriptive 

and  Practical.  Por  the  Use  of  Students.  By  B.  A.  SCHAPER,  P.R.S., 
Professor  of  Physiology  in  the  University  of  Edinburgh.  With  553  Illustra- 
tions some  of  which  are  Coloured.  Seventh  Edition,  1907.  8vo,  10s.  6d.  net. 


SMALE  AND  COLYER.     DISEASES  AND  INJUEIES  01 

THE  TEETH,  including  Pathology  and  Treatment.  By  MORTON 
SMALE,  M.R.C.S.,  L.S.A.,  L.D.S.,  Dental  Surgeon  to  St.  Mary's  Hospital, 
Consulting  Dental  Surgeon,  Dental  Hospital  of  London,  etc.;  and  J.  J^. 
COLYER,  L.R.C.P.,  M.R.C.S.,  L.D.S.,  Dental  Surgeon  to  Charmg  Cross 
Hospital  and  to  the  Dental  Hospital  of  London,  Dean  of  the  School,  Dental 
Hospital  of  London.  Second  Edition  Revised  and  Enlarged  by  J.  H . 
COLYER.    With  645  Illustrations.    Large  Crown  8vo,  21s.  net. 


MESSBSi  LONGMANS'  WORKS  ON  MEDICINE,  SUBGEBY,  ETC.  9 


MEDICINE,  SURGERY,  ANATOMY,  RTC— continued. 


SMITH  (H.  F.).  THE  HANDBOOK  FOE  MID  WIVES.  By 
HENRY  FLY  SMITH,  B.A.,  M.B.  Oxon.,  M.R.G.S,  Second  Edition. 
With  41  Woodcuts.    Crown  8vo,  5s. 


STEVENSON.  WOUNDS  IN  WAR  :  the  Mechanism  of  their 
Production  and  their  Treatment.  By  Surgeon-General  W.  F.  STEVENSON, 
C.B.  (Army  Medical  Staff),  B.A.,  M.B.,  M.Ch.  Dublin  University ;  Professor 
of  Military  Surgery,  Royal  Army  Medical  College,  London.  With  127 
Illustrations.    8vo,  15s.  net. 


SYMINGTON.  AN  ATLAS  OF  SKIAGEAMS,  ILLUSTRATING 
THE  DEVELOPMENT  OF  THE  TEETH.  With  Explanatory 
Text.  By  JOHNSON  SYMINGTON,  M.D.,  P.R.S.,  Professor  of  Anatomy, 
Queen's  College,  Belfast ;  and  J.  C.  RANKIN,  M.D.,  Physician  in  charge 
of  the  Electrical  Department,  Royal  Victoria  Hospital,  Belfast.  With  12 
Plates.    Demy  4to.    10s.  6d.  net. 


MISCELLANEOUS. 


ANNUAL  CHARITIES  REGISTER  AND  DIGEST :  being  a  Classi- 
fied Register  of  Charities  in  or  available  for  the  Metropolis,  together  with 
a  Digest  of  Information  respecting  the  Legal,  Voluntary,  and  other  Means 
for  the  Prevention  and  Relief  of  Distress  and  the  Improvement  of  the 
Condition  of  the  Poor.  With  an  elaborate  Index,  and  an  Introduction, 
"How  to  Help  Cases  of  Distress".  By  C.  S.  LUCH,  Secretary  to  the 
Council  of  the  Charity  Organisation  Society,  London.    8vo,  5s.  net. 


GASKELL.   THE  ORIGIN  OF  VERTEBRATES.    By  Walter 

H.  GASKELL,  M.A.,  M.D.  (Camb.),  LL.D.  (Edinburgh  and  McGill  Univ., 
Montreal),  P.R.S.,  Fellow  of  Trinity  Hall  and  University  Lecturer  in 
Physiology,  Cambridge.    With  168  Illustrations.    Bvo,  21s.  net. 


HOBART.    THE  MEDICAL  LANGUAGE  OF  ST,  LUKE.  By 
the  Rev.  WILLIAM  KIRK  HOP  ART,  ZjUD,    8vo,  16s. 
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HOPF.  THE  HUMAN  SPECIES  :  CONSIDEEED  FEOM  THE 
STANDPOINTS  OF  COMPAEATIVE  ANATOMY  PHYSI- 
OLOGY, PATHOLOGY  AND  BACTERIOLOGY.'  By  Dr 
LUDWIG  HOPF.  Authorised  English  Translation.  With  7  Plates  and 
217  Illustrations  in  the  Text.    8vo,  10s.  6d.  net. 


INQUIRY  (AN)  INTO  THE  PHENOMENA  ATTENDING 
DEATH  BY  DROWNING  AND  THE  MEANS  OF  PRO- 
MOTING RESUSCITATION  IN  THE  APPARENTLY 
DROWNED.  Report  of  a  Committee  appointed  by  the  Royal  Medical 
and  Chirurgical  Society.    With  2  Diagrams  and  26  Plates.    8vo,  5s.  net. 

KING'S    COLLEGE     HOSPITAL    BOOK    OF  COOKING 

RECIPES  :  being  a  Collection  of  Recipes  contributed  by  Friends  of 
the  Hospital  and  Published  in  aid  of  the  Fund  for  the  Removal  of  King's 
College  Hospital  to  South  London.    Crown  8vo,  Is.  net. 


MOON.  THE  RELATION  OF  MEDICINE  TO  PHILOSOPHY. 

By  R.  0.  MOON,  M.A.,  M.D.  (Oxon.),  F.R.C.P.,  Physician  to  the  National 
Hospital  for  Diseases  of  the  Heart,  etc.    Crown  8vo. 


PAGET.    MEMOIRS  AND  LETTERS  OF  SIR  JAMES  PAGET, 

Bart.,  F.R.S.,  Sergeant-Surgeon  to  Her  late  Majesty  Queen  Victoria. 
Edited  by  STEPHEN  PAGET,  P.R.C.S.    With  Portrait.    Svo,  6s.  net. 


PETTIGREW.  DESIGN  IN  NATURE  :  illustrated  by  Spiral  and 
other  Arrangements  in  the  Inorganic  and  Organic  Kingdoms  as  exemplified 
in  Matter,  Force,  Life,  Growth,  Rhythms,  etc.,  especially  in  Crystals, 
Plants,  and  Animals.  With  Examples  selected  from  the  Reproductive, 
Alimentary,  Respiratory,  Circulatory,  Nervous,  Muscular,  Osseous,  Loco- 
motory,  and  other  Systems  of  Animals.  By  J.  BELL  PETTIGREW, 
M.D.,  LL.D.,  F.R.S.,  F.R.C.P. ;  Laureate  of  the  Institute  of  France ;  late 
Chandos  Professor  of  Anatomy  and  Medicine  in  the  University,  St. 
Andrews;  Fellow  of  the  Royal  Botanical,  Medico- Chirurgical,  Royal 
Medical,  Literary  and  Philosophical,  Harveian  and  other  Societies. 
Illustrated  by  nearly  2,000  Figures,  largely  original  and  from  nature. 
In  3  vols.    4to.    63s.  net. 


POOLE.    COOKERY  FOR  THE  DIABETIC.    By  W.  H.  and 

Mrs.  POOLE.     With  Preface  by  Dr.  PAVY.    Fcap.  Svo,  2s.  6d. 

RAFFETY.     AN  INTRODUCTION  TO  THE  SCIENCE  OF 

RADIO-ACTIVITY.  By  CHARLES  W.  RAFFETY.  With  27 
Illustrations.    Crown  Svo.    4s,  64,  net, 
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THE  PROCEEDINGS  OF  THE  ROYAL  SOCIETY 

OF  MEDICINE. 

The  Royal  Society  of  Medicine  was  fanned  in  June,  1907,  by  the  amalgamation 
of  the  following  London  Medical  Societies  :- 


The  Eoyal  Medical  and  Chirurgical 

Society. 
The  Pathological  Society. 
The  Epidemiological  Society. 
The  Odontological    Society  of  Great 

Britain. 
The  Obstetrical  Society. 
The  Clinical  Society. 
The  Dermatological  Society. 
The  British  Gynaecological  Society, 


The  Neurological  Society. 
The  British  Laryngological,  Rhinologi- 

cal,  and  Otological  Association. 
The  Laryngological  Society. 
The  Dermatological  Society  of  Great 

Britain  and  Ireland. 
The  Otological  Society  of  the  United 
Kingdom. 

The  British  Electro-therapeutic  Society. 
The  Therapeutical  Society. 


The  "Proceedings"  of  the  Royal  Society  of  Medicine  are  published  monthly 
from  November  to  July  inclusive.  The  numbers  contain  the  papers  of,  and  the 
discu,ssions  read  at  each  of  the  Sections  during  the  previous  month,  and  are  so 
arranged  that  each  Section  can,  if  desired,  be  detached  and  bound  separately  at  the 
end  of  the  year. 

The  Annual  Subscription  is  £3  3s.  net,  which  may  be  paid  through  any 
bookseller. 

Tlie  price  of  each  monthly  number  is  7s.  6d .  net. 


VETERINARY  MEDICINE,  ETC. 

FITZWYGRAM.  HOESES  AND  STABLES.  By  Lieutenant- 
General  Sir  P.  FITZWYGRAM,  Bart.  With  56  pages  of  Illustrations. 
8vo,  3s.  net. 

HAYES.  TEAINING  AND  HOESE  MANAGEMENT  IN  INDIA. 
With  Hindustanee  Vocabulary.  By  M.  HORACE  HAYES,  P.R.C.V.S. 
(late  Captain,  "  The  Buffs  ").    With  Portrait.    Crown  8vo,  8s.  net. 

STEEL— WORKS  by  JOHN  HENRY  STEEL,  F.RC.V.S.,  F.Z.S., 
A.V.D.,  late  Professor  of  Veterinary  Science  and  Principal  of  Bombay  Veterinary 
College. 

A  TEEATISE  ON  THE  DISEASES  OF  THE  OX ;  being  a 
Manual  of  Bovine  Pathology.  Especially  adapted  for  the  use  of  Veterinary 
Practitioners  and  Students.    With  2  Plates  and  117  Woodcuts.    8vo,  15s. 

A  TEEATISE  ON  THE  DISEASES  OF  THE  SHEEP ;  being 
a  Manual  of  Ovine  Pathology  for  the  use  of  Veterinary  Practitioners  and 
Students.    With  Coloured  Plate  and  99  Woodcuts.    Svo,  12s. 

"iOUI^JT— WORKS  by  WILLIAM  YOUATT. 

THE  HOESE.  Revised  and  Enlarged  by  W.  WATSON,  M.R.C.V.S. 
With  52  Wood  Engravings.    8vo,  7s.  6d. 

THE  DOG.    Revised  and  Enlarged.   With  33  Wood  Engravings.   8vo,  6s. 
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PHYSIOLOGY,  BIOLOGY,  ZOOLOGY,  ETC. 


ASH  BY.     NOTES  ON  PHYSIOLOGY  FOE  THE  USE  OF 
STUDENTS    PEEPAEING    FOE    EXAMINATION.  By 

HENRY  ASHBY,  M.D.  (Lond.),  F.R.C.P.,  late  Physician  to  the  General 
Hospital  for  Sick  Children,  Manchester ;  Lecturer  and  Examiner  in 
Diseases  of  Children  in  the  Victoria  University.  With  148  Illustrations 
18mo,  5s. 


BARNETT.    THE  MAKING  OF  THE  BODY:  a  Children's  Book 

on  Anatomy  and  Physiology.  By  Mrs.  S.  A.  BARNETT.  With  113 
Illustrations.    Crown  8vo,  Is.  9d. 

BEDDARD.    ELEMENTAEY   PEACTICAL  ZOOLOGY.  By 

PRANK  E.  BEDDARD,  M.A.  (Oxon.).  With  93  Illustrations.  Crown 
8vo,  2s.  6d. 

BIDGOOD.     A  COUESE  OF  PEACTICAL  ELEMENTAEY 

BIOLOGY.  By  JOHN  BIDGOOD,  B.Sc,  P.L.S.  With  226  Illustra- 
tions.   Crown  8vo,  45.  6d. 

BOSE.—f'yORKS  by  JAGADIS  CHUNDER  BOSE,  M.A.  (Cantab.),  D.Sc. 
(Lond.),  Professor,  Presidency  College,  Calcutta. 

EESPONSE  IN  THE  LIVING  AND  NON-LIVING.  With 

117  Illustrations.    8vo,  10s.  6d. 

PLANT  EESPONSE  AS  A  MEANS  OF  PHYSIOLOGICAL 
INVESTIGATION.      With  278  illustrations.    8vo,  21s. 

COMPAEATIVE  ELECTEO-PHYSIOLOGY :  A  PHYSICO 
PHYSIOLOGICAL  STUDY.      with  406  illustrations  and  Classi- 
fied List  of  321  new  Experiments.     8vo,  15s.  net. 

BRODIE.  THE  ESSENTIALS  OF  EXPEEIMENTAL  PHY- 
SIOLOGY. For  the  use  of  Students.  By  T.  G.  BRODIE,  M.D., 
Lecturer  on  Physiology,  St.  Thomas's  Hospital  Medical  School.  With 
2  Plates  and  177  Illustrations  in  the  Text.    Crown  8vo,  6s.  6d. 

CHAPMAN.  THE  FOEAMINIFEEA  :  an  introduction  to  the  Study 
of  the  Protozoa.  By  FREDERICK  CHAPMAN,  A.L.S.,  P.R.M.S.  With 
14  Plates  and  42  Illustrations  in  the  Text.    8vo,  9s.  net. 
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PHYSIOLOGY,  BIOLOGY,  ZOOLOGY,  RTC— continued. 
FURNEAUX.    HUMAN  PHYSIOLOGY.     By  w.  furneaux, 

F.R.G.S.    With  223  Illustrations.    Crown  8vo,  2s.  6d. 


HALLIBURTON.  THE  ESSENTIALS  OF  CHEMICAL  PHY- 
SIOLOGY. For  the  Use  of  Students.  By  W.  D.  HALLIBURTON, 
M.D.,  F.R.S.,  F.R.C.P.,  Professor  of  Physiology  in  King's  College,  London. 
With  83  Illustrations.    Bvo,  is.  6d.  net. 


HUDSON  AND  GOSSE.     THE  EOTIFEEA  OE  "WHEEL 

ANIMALCULES".  By  C.  T.  HUDSON,  LL.D.,  and  P.  H.  GOSSE, 
F.R.S.  With  30  Coloured  and  4=  Uncoloured  Plates.  In  6  Parts.  4to,  price 
10s.  6d.  each ;  Supplement,  12s.  6d.  Complete  in  Two  Volumes,  with 
Supplement,  ito,  £4  is. 

*^*  The  Plates  in  the  Supplement  contain  figures  of  almost  all  the  Foreign 
Species,  as  well  as  of  the  British  Species,  that  have  been  discovered  since  the 
original  publication  of  Vols.  I.  and  II. 


LLOYD.  THE  TEACHING  OF  BIOLOGY  IN  THE  SECON- 
DAEY  SCHOOL.  By  FRANCIS  E.  LLOYD,  A.M.,  and  MAURICE 
A.  BIGELOW,  Ph.D.,  Professors  in  Teachers'  College,  Columbia  Univer- 
sity.   Crown  8vo,  6s.  net. 


MOORE.  ELEMENTAEY  PHYSIOLOGY  AND  ANATOMY. 
By  BENJAMIN  MOORE,  D.Sc,  Professor  of  Bio-Chemistry  in  the 
University  of  Liverpool.     With  125  Illustrations.     Crown  8vo,  3s.  6d. 

MACALISTER.—J'FORKS  by  ALEXANDER  MAOALISTEB,  M.D. 

AN  INTEODUCTION  TO  THE  SYSTEMATIC  ZOOLOGY 
AND  MOEPHOLOGY  OF  VBETBBEATE  ANIMALS. 
With  41  Diagrams.    8vo,  IDs.  6d. 

ZOOLOGY  OF  THE  INVEETEBEATE  ANIMALS.  With  77 
Diagrams.    Fcp.  8vo,  Is.  6d. 

ZOOLOGY  OF  THE  VEETEBEATE  ANIMALS,  with  59 
Diagrams.    Fcp.  8vo,  Is.  6d. 


MAC  DOUG  ALL.— frOi2/fS  by  DANIEL  TREMBLY  MAODOUGALL, 


TEXT-BOOK  OF  PLANT  PHYSIOLOGY,     with  159  Iiiustra- 
tions.    8vo,  7s.  6d.  net. 

ELEMENTAEY  PLANT  PHYSIOLOGY.     With  IO8  Illustrations. 
Crown  8vo,  3s. 
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PHYSIOLOGY,  BIOLOGY,  ZOOLOGY,  ^TC-continued. 

MORGAN.     ANIMAL  BIOLOGY.     An  Elementary  Text-Book  Bv 
C   LLOYD  MORGAN,  F.R.S.,  Principal  of  University  College,  Bristol 
With  numerous  Illustrations.    Crown  8vo,  8s.  6d. 


SCHAFER.    DIEECTIONS  FOE  CLASS  WORK  IN  PEAC- 

TICAL  PHYSIOLOGY  :  Elementary  Physiology  of  Muscle  and  Nerve 
and  of  the  Vascular  and  Nervous  Systems.    By  E.  A.  SCHAPER,  LL.D. 
F.R.S.,  Professor  of  Physiology  in  the  University  of  Edinburgh.    With  48 
Diagrams.    8vo,  3s.  net. 


THORNTON.-^'f'Oiili^S  hy  JOHN  THORNTON,  M.A. 

HUMAN    PHYSIOLOGY.      With  284  Illustrations,  some  of  which 
are  Coloured.    Crown  8vo,  6s. 

ELEMBNTAEY   BIOLOGY,   Descriptive  and  Experimental.  With 
numerous  Illustrations.     Crown  8vo,  3s.  6d. 

ELEMENT AEY  PEACTICAL  PHYSIOLOGY.    With  178  lilus- 
trations  (6  of  which  are  Coloured).     Crown  8vo,  3s.  6d. 


V^ALLER— WORKS  by  AUGUSTUS  D.  WALLER,  M.D.,  F.R.S., 
Hon,  LL.D.  Mdin.,  Lecturer  on  Physiology  at  St.  Mai-y's  Hospital  Medical 
School,  London ;  late  Mxtei-nal  Examiner  at  the  Victwian  University. 

AN  INTEODUCTION  TO  HUMAN  PHYSIOLOGY.  With 
314  Illustrations.    8vo,  18s. 

LECTUEES  ON  PHYSIOLOGY.    First  Sebies.— O^i  Aninial  Elec 
Lricity.    8vo,  5s.  net. 


MESSRS.  LONGMANS'  WORKS  ON  MEDICINE,  SURGERY,  ETC.  15 


HEALTH  AND  HYGIENE,  ETC, 


ASH  BY.  HEALTH  IN  THE  NUESEEY.  By  HENRY  ASHBY, 
M.D.,  P.R.O.P.,  Physician  to  the  General  Hospital  for  Sick  Children, 
Manchester ;  Lecturer  and  Examiner  in  Diseases  ol  Children  in  the 
Victoria  University.    With  25  Illustrations.    Crown  8vo,  3s.  net. 

BUCKTON.  HEALTH  IN  THE  HOUSE.  By  Mrs.  C.  M. 
BUCKTON.    With  41  Woodcuts  and  Diagrams.    Crown  8vo,  2s. 

BULL  —WORKS  bv  THOMAS  BULL,  M.D.  Thoroughly  Revised  by 
ROBKRT  W.  PARKER,  M.R.G.S.  Eng. 

HINTS  TO  MOTHEES  ON  THE  MANAGEMENT  OF  THEIE 
HEALTH  DUEING  THE  PEEIOD  OF  PEEGNANCY,  AND 
HINTS  ON  NUESING.  Pep.  8vo,  sewed,  Is.  6d. ;  cloth,  gilt  edges, 
2s.  net. 

THE  MATEENAL  MANAGEMENT  OF  CHILDEEN  IN 
HEALTH  AND  DISEASE.  Fcp.  8vo,  sewed,  is.  Qd. ;  cloth,  gilt 
edges,  2s.  net. 

BUTTERWORTH.  MANUAL  OF  HOUSEHOLD  WOEK  AND 

MANAGEMENT.     By  ANNIE  BUTTERWORTH.  Crown  8vo,  2s.  &d. 

CORFIELD.  THE  LAWS  OF  HEALTH.  By  w.  H.  CORPIELD, 
M.A.,  M.D.    Pep.  8vo,  is.  6d. 

CREIGHTON.    THE  ECONOMICS  OF  THE  HOUSEHOLD. 

Six  Lectures  given  at  the  London  School  of  Economics  during  the  Winter 
of  1906.    By  LOUISE  CREIGHTON.    Crown  8vo,  Is.  4d. 

FURNEAUX.  ELEMENTAEY  PEACTICAL  HYGIENE.  Sec- 
tion I.  By  WILLIAM  S.  PURNEAUX.  With  146  Illustrations.  Crown 
Svo  2s.  &d. 

JAMES.  BALL  GAMES  AND  BEEATHING  EXEECISES. 
By  ALICE  R.  JAMES.  With  Preface  by  HARRY  CAMPBELL,  M.D., 
B.S.  (London),  P.R.C.P.     With  17  Illustrations.     Cxown  Svo,  Is.  &d. 
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HEALTH  AND  HYGIENE,  RTC.-continued. 

HYGIENE.    With  99  Illustrations.    Crown  8vo,  4s.  6d. 

PEACTICAL  DOMESTIC  HYGIENE,  with  84  illustrations 
Crown  8vo,  2s.  6d. 

POORE.-WORKS  by  GEORGE  VIVIAN  POORE,  M.D.,  F.R.C.P. 

THE  EAETH  IN  EELATION  TO  THE  PRESERVATION 
AND  DESTRUCTION  OF  CONTAGIA :  being  the  Milroy 
Lectures  delivered  at  the  Royal  College  of  Physicians  in  1899,  together 
with  other  Papers  on  Sanitation.    13  Illustrations.    Crown  8vo,  5s. 

ESSAYS  ON  RURAL  HYGIENE.  With  12  illustrations.  Crown 
8vo,  6s.  6d. 

THE  DWELLING  HOUSE.  With  36  Illustrations.  Crown  8vo,  3s.  6d. 

COLONIAL  AND  CAMP  SANITATION.  With  ii  illustrations. 
Grown  8vo,  2s.  net. 


PORTER.      SCHOOL   HYGIENE    AND    THE    LAWS  OF 

HEALTH  :  a  Text-Book  for  Teachers  and  Students  in  Training.  By 
CHARLES  PORTER,  M.D.,  B.Sc,  M.R.O.P.  (Edin.).  With  121  lUustra- 
tions.    Crown  8vo,  3s.  6d. 


ROBINSON.  THE  HEALTH  OF  OUR  CHILDREN  IN  THE 

COLONIES  :  a  Book  for  Mothers.  By  LILIAN  AUSTEN  ROBIN- 
SON, M.D.    Crown  8vo,  2s.  6d.  net. 


TUCKER.   NOTES  ON  THE  CARE  OF  BABIES  AND  YOUNG 

CHILDREN.  For  the  Use  of  Teachers.  By  BLANCHE  TUCKER, 
Inspectress  of  Elementary  Schools.  With  an  Introduction  by  Db.  HOPE, 
Medical  Officer  of  Health  for  Liverpool.    Crown  8vo,  Is. 


WEST,    HOW  TO  NURSE  SICK  CHILDREN.   By  Charles 

WEST,  M.D.,  Founder  of  and  late  Physician  to  the  Hospital  for  Sick 
Children,  Great  Ormond  Street,  London.  With  Preface  by  GEORGE  P. 
STILL,  M.D.,  Physician  to  the  Hospital  for  Sick  Children,  Great  Ormond 
Street.    Crown  8vo,  Is.  net. 
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BACTERIOLOGY,  ETC. 


CURTIS.     THE  ESSENTIALS  OF  PEACTICAL  BACTEEI- 

OLOGY :  an  Elementary  Laboratory  Workfor  Studentsand  Practitioners. 
By  H.  J.  CURTIS,  B.S.  and  M.D.  Lond.,  F.R.C.S.,  formerly  Surgeon  to  the 
North-Eastem  Hospital  for  Children ;  Assistant  Surgeon,  Royal  Hospital 
for  Children  and  Women,  Waterloo  Road ;  Surgical  Registrar  and  Assistant 
to  the  Professor  of  Pathology,  University  College,  London.  With  133 
Illustrations.     8vo,  9s. 


ELLIS.  OUTLINES  OF  BACTEEIOLOGY  (Technical  and  Agri- 
cultural). By  DAVID  ELLIS,  Ph.D.  (Marburg),  D.Sc.  (London), 
F.R.S.E.,  Lecturer  in  Bacteriology  and  Botany  to  the  Glasgow  and 
West  of  Scotland  Technical  College,  Glasgow.  With  Illustrations.  8vo, 
7s.  6d.  net. 


FRANKLAND.   BACTERIA  IN  DAILY  LIFE.    By  Mrs.  PERCY 

ERANKLAND,  F.R.M.S.     Crown  8vo,  5s.  net. 


GOADBY.  THE  MYCOLOGY  OF  THE  MOUTH:  A  TEXT- 
BOOK OF  OEAL  BACTEEIA.  By  KENNETH  W.  GOADBY, 
L.D.S.  Eng.,  D.P.H.  Camb.,  L.R.C.P.,  M.R.C.S.,  Bacteriologist  and 
Lecturer  on  Bacteriology,  National  Dental  Hospital,  etc.  With  82 
Illustrations.    8vo,  8s.  6d.  net. 


KLOCKER.     FEEMENTATION    OEGANISMS.     a  Laboratory 

Handbook.  By  ALB.  KLOCKER,  Assistant  in  the  Carlsberg  Laboratory, 
Copenhagen.  Translated  from  the  German  by  G.  E.  ALLAN,  B.Sc, 
Lecturer  in  the  University  of  Birmingham,  and  J.  H.  MILLAR,  P.I.C., 
formerly  Lecturer  in  the  British  School  of  Malting  and  Brewing,  and 
revised  by  the  Author.     With  146  Illustrations.    8vo,  12s.  net. 
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OPTICS,  PHOTOGRAPHY,  ETC. 


AB  NEY.    A  TEEATISE  ON  PHOTOGRAPHY.    By  Sir  WILLIAM 

DE  WIVELBSLIE  ABNEY,  K.C.B.,  P.R.S.  With  134  Illustrations. 
Crown  8vo,  5s. 


BALY.-SPECTEOSCOPY.  By  E.  C.  C.  BALY,  F.I.C,  Lecturer  on 
Spectroscopy  and  Assistant  Professor  of  Chemistry,  University  College, 
London.    With  163  Illustrations.    Crown  8vo,  10s.  6d. 


DRUDE.  THE  THEOEY  OF  OPTICS.  By  Paul  DRUDE,  Pro- 
fessor of  Physics  at  the  University  of  Giessen.  Translated  from  the 
German  by  C.  RIBORG  MANN  and  ROBERT  A.  MILLIKAN,  Professors 
of  Physics  at  the  University  of  Chicago.   With  110  Diagrams.  8vo,  15s.  net. 


GLAZEBROOK.    PHYSICAL  OPTICS.    By  r.  t.  glazebrook, 

M.A.,  r.R.S.    With  183  Woodcuts  of  Apparatus,  etc.    Crown  8vo,  6s. 


POLLOK.    PRACTICAL  SPECTEOGEAPHIC  ANALYSIS.  By 

J.  H.  POLLOK,  D.Sc.     Crown  8vo. 


SHEPPARD  AND  MEES.  INVESTIGATION  ON  THE 
THEOEY  OF  THE  PHOTOGEAPHIC  PEOCESS.  By  S. 
E.  SHEPPARD,  D.Sc.  (Lond.),  1851  Exhibition  Scholar  of  University 
College,  London,  and  C.  E.  KENNETH  MEES,  D.Sc.  (Lond.).  With  65 
Illustrations  and  Diagrams.    Crown  8vo,  6s.  6d.  net. 


VANDERPOEL.  COLOUE  PEOBLEMS  :  a  Practical  Manual  for 
the  Lay  Student  of  Colour.  By  EMILY  NOYES  VANDERPOEL.  With 
117  Plates  in  Colour.    Square  8vo,  21s.  net. 


WRIGHT.     OPTICAL  PEOJECTION  :  A  Treatise  on  the  Use  of  the 

Lantern  in  Exhibition  and  Scientific  Demonstration.  By  LEWIS 
WRIGHT,  Author  of  "  Light :  a  Course  of  Experimental  Optics  ".  With 
232  Illustrations.    Crown  8vo,  6s. 
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CHEMISTRY,  ETC. 

ARMITAGE.    A  HISTOEY  OF  OHBMISTKY. 
By  F.  P.  ARMITAGE,  M.A.,  F.C.S.    Crown  8vo,  6s. 

ARRHENWJS.—^^ORKS  by  SVANTE  ARRHENIUS,  Director  of  the 
Nohel  Institute,  Stockholm. 
THBOEIES   OF  GHBMISTEY :   being  Lectures  delivered  at  the 
University  of  California,  in  Berkeley.    Edited  by  T.  SLATER  PRICE, 
D.Sc,  Ph.D.,  P.I.C.    8vo,  5s.  Qd.  net. 

A  TEXT-BOOK  OF  BLECTEO  -  CHEMISTEY.  Translated 
from  the  German  Edition  by  JOHN  McCRAE,  Ph.D.  With  58  Illustra- 
tions.   8vo,  9s.  Qd.  net. 

BUNGE.  TEXT-BOOK  OP  OEGANIO  CHEMISTEY  FOE 
MEDICAL  STUDENTS.  By  Dr.  G.  VON  BUNGE,  Professor  of 
Physiology  in  the  University  of  Basel.  Translated  by  R.  H.  ADBRS 
PLIMMER,  D.Sc.    8vo,  6s.  net. 

CROOKES.  SELECT  METHODS  IN  CHEMICAL  ANALYSIS 
(chiefly  inorganic).  By  Sir  W.  CROOKES,  F.R.S.  With  68  Illustrations. 
8vo,  21s.  net. 

¥\HDLPC{ —WORKS  by  ALEX.  FINDLAY,  M.A.,  Ph.D.,  D.Sc. 

PHYSICAL  CHEMISTEY  AND  ITS  APPLICATIONS  IN 
MEDICAL  AND  BIOLOGICAL  SCIENCE.  Being  a  Course 
of  Seven  Lectures  delivered  in  the  University  of  Birmingham.  Royal 
8vo,  2s.  net. 

PEACTICAL  PHYSICAL  CHEMISTEY  With  92  Illustrations. 
Crown  8vo,  4s.  &d. 

HANSON  AND  DODGSON.  AN  INTEEMEDIATE  COUESE 
OF  LABOEATOEY  WOEK  IN  CHEMISTEY.  By  EDWARD 
KENNETH  HANSON,  M.A.  (Cant.),  P.I.C,  Teachers'  Diploma  (Lond.) ; 
Lecturer  in  Chemistry,  University  College,  Reading ;  Lecturer  to  the 
Cambridge  University  Local  Lecture  Syndicate,  and  JOHN  WALLIS 
DODGSON,  B.Sc.  (Lond.) ;  Director  of  Evening  Classes  and  Lecturer  in 
Chemistry,  University  College,  Reading.    With  Illustrations.    8vo,  3s.  &d. 

MENDELEEFF.  THE  PEINCIPLES  OF  CHEMISTEY.  By 
D.  MENDELEEFF.  Translated  from  the  Russian  (Seventh  Edition)  by 
GEORGE  KAMENSKY,  A.R.S.M.,  and  Edited  by  THOMAS  H.  POPE, 
B.Sc,  F.I.C.    With  110  Illustrations.    2  vols.    8vo,  32s.  net. 

MEYER.  OUTLINES  OF  THEOEETICAL  CHEMISTEY. 
By  LOTHAR  MEYER.  Translated  by  Professors  P.  PHILLIPS  BED- 
SON,  D.Sc,  and  W.  CARLETON  WILLIAMS,  B.Sc.    8vo,  9s. 

MUIR.    A  COUESE  OF  PEACTICAL  CHEMISTEY. 
By  M.  M.  P.  MUIR,  M.A. 
Part  I,  Elementary.   Cr.  8vo,  4s.  6d.  Part  II.  Intermediate.    Cr.  8vo,  4s.  6d. 
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CHEMISTRY,  RTC.—continued. 

NEWTH.— WORKS  by  G.  S.  NEWTH,  F.I.C.,  F.G.S. 

CHEMICAL  LECTURE  EXPEEIMENTS.    with  230  lllustra- 
tions.    Grown  8vo,  6s. 

CHEMICAL  ANALYSIS,  QUANTITATIVE  AND  QUALITA- 
TIVE.   With  102  Illustrations.    Crown  8vo,  6s.  6d. 

SMALLER  CHEMICAL  ANALYSIS.    Crown  8vo,  2s. 

A  TEXT-BOOK  OE  INORGANIC  CHEMISTRY.     with  15 

Illustrations.    Crown  Bvo,  6s.  6d. 

ELEMENTARY  PRACTICAL  CHEMISTRY.    With  lOS  Illustra- 
tions and  254  Experiments.    Crown  Bvo,  2s.  6d. 


PERKIN.— WORKS  by  F.  MOLLTVO  PERKIN,  Ph.D. 

QUALITATIVE  CHEMICAL  ANALYSIS  (ORGANIC  AND 
INORGANIC).    With  15  Illustrations  and  Spectrum  Plate.    8vo,  is. 

PRACTICAL  METHODS  OF  ELECTRO-CHEMISTRY.  Svo. 
6s.  net. 


PRICE  AND  TWISS.   A  COURSE  OF  PRACTICAL  ORGANIC 

CHEMISTRY.  By  T.  SLATER  PRICE,  D.Sc,  Ph.D.,  F.I.C.,  Head 
of  the  Chemical  Department  of  the  Birmingham  Municipal  Technical 
School,  and  D.  F.  TWISS,  M.Sc,  A.I.C.,  Lecturer  in  Chemistry  at  the 
Birmingham  Municipal  Technical  School.    Svo,  3s.  6d. 


RADCLIFFE  AND  SINN  ATT.  A  SYSTEMATIC  COURSE  OF 
PRACTICAL  ORGANIC  CHEMISTRY.  Bv  LIONEL  GUY  RAD- 
CLIFFE, F.C.S.  With  the  assistance  of  FRANK  STURDY  SINNATT, 
F.C.S.    Svo,  4s.  6d. 


REYNOLDS.  EXPERIMENTAL  CHEMISTRY  for  Junior  students. 
By  J.  EMERSON  REYNOLDS,  M.D.,  F.R.S.  Fcap.  Svo,  with  numerous 
Illustrations. 

Pabt  I. — Introductory,  Is.  Qd.    Pabt  III. — Metals  mid  Allied  Bodies,  3s.  6d. 
Part  II. — Non-Metals,  2s.  Qd.    Part  V7 .—Chemistry  of  Carbon  Compounds,  4s. 

SMITH  AND  HALL.  THE  TEACHING  OF  CHEMISTRY 
AND  PHYSICS  IN  THE  SECONDARY  SCHOOL.  By  ALEX- 
ANDER SMITH,  B.Sc,  Ph.D.,  Associate  Professor  of  Chemistry  in  the 
University  of  Chicago,  and  EDWIN  H.  HALL,  Ph.D.,  Professor  of  Physics 
in  Harvard  University.  With  21  Woodcuts,  Bibliograpliies,  and  Index. 
Crown  Svo,  6s.  net. 
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STEWART.   EECENT  ADVANCES    IN    OEGANIC  CHEM- 

ISTEY.  By  A.  W.  STEWART,  D.Sc,  Lecturer  on  Stereochemistry 
in  University  College,  London.  With  an  Introduction  by  J.  NORMAN 
COLLIE,  Ph.D.,  LL.D.,  F.R.S.,  Professor  of  Organic  Chemistry  in 
University  College,  London,    8vo,  7s.  6d. 


THORPE.     A  DICTIONAEY  OP   APPLIED  CHEMISTEY. 

By  Sir  T.  E.  THORPE,  C.B.,  D.Sc.  Vict.,  Ph.D.,  P.R.S.,  Principal  of 
Government  Laboratory,  London.  Assisted  by  Eminent  Contributors. 
3  vols.    8vo.    Vols.  I.  and  II.,  £2  2s.  each  ;  Vol.  III.,  £3  3s. 


TILDEN. —ff^orfe  by  WILLIAM  A.  TILDEN,  D.Sc.  London,  F.R.S. 

A  SHOET  HISTOEY  OF  THE  PEOGEESS  OF  SCIENTIFIC 
CHEMISTEY  IN  CUE  OWN  TIMES.     Crown  8vo,  5s.  net. 

INTEODUCTION  TO  THE  STUDY  OF  CHEMICAL  PHILO- 
SOPHY. The  Principles  of  Theoretical  and  Systematic  Chemistry. 
With  5  Illustrations.  Crown  Bvo,  5s.  With  ANSWERS  to  Problems. 
Crown  8vo,  5s.  6d. 

PEACTICAL  CHEMISTEY.  The  Principles  of  Qualitative  Analysis. 
Pep.  Bvo,  Is.  6d. 


WATTS'  DICTIONAEY  OF  CHEMISTEY.  Revised  and  entirely 
Re-written  by  H.  FORSTBR  MORLEY,  M.A.,  D.Sc,  Fellow  of,  and 
lately  Assistant-Professor  of  Chemistry  in.  University  College,  London ; 
and  M.  M.  PATTISON  MUIR,  M.A.,  F.R.S.E.,  Fellow  and  Proelector 
in  Chemistry  of  Gonville  and  Caius  College,  Cambridge.  Assisted  by 
Eminent  Contributors.    4  vols.    8vo,  £5  net. 


WESTON.  A  SCHEME  FOE  THE  DETECTION  OF  THE 
MOEE  COMMON  CLASSES  OF  CAEBON  COMPOUNDS. 
By  PRANK  E.  WESTON,  B.Sc,  London  (First  Class  Honours),  F.C.S., 
Lecturer  in  Chemistry  at  the  Polytechnic,  Regent  Street,  W.    8vo,  2s. 


W HITE LEY. —fTOiJ/rS    by  R.   L.   Whiteley,  F.I.G.,  Principal  of  the 
Municipcd  Science  School,  West  Brmrmich. 

CHEMICAL  CALCULATIONS.  With  Explanatory  Notes,  Problems, 
and  Answers,  specially  adapted  for  use  in  Colleges  and  Science  Schools. 
With  a  Preface  by  Professor  P.  CLOWES,  D.Sc.  (Lond.),  P.I.C.  Crown 
8vo,  2s. 


OEGANIC  CHEMISTEY  :  the  Patty  Compounds.    With  45  Illustra- 
tions.   Crown  8vo,  3s.  6d. 
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TEXT.BOOKS  OF  PHYSICAL  CHEMISTRY. 

Edited  by  Sir  WILLIAM  RAMSAY,  K.C.B.,  F.R.S.,  D.Sc, 


STOICHIOMETEY.     By  SYDNEY  YOUNG,  D.Sc,  P.R.S.,  Professor  of 
Chemistry  in  the  University  of  Dublin ;  together  with  AN  INTRODUC- 
TION   TO    THE    STUDY    OF    PHYSICAL   CHEMISTRY,  by  Sib 
WILLIAM  RAMSAY,  K.C.B.,  P.R.S.,  Editor  of  the  Series.     Crown  8vo 
7s.  6d. 


AN  INTRODUCTION  TO  THE  STUDY  OP  PHYSICAL  CHEMIS- 
TRY. Being  a  General  Introduction  to  the  Series  by  Sib 
WILLIAM  RAMSAY,  K.C.B.,  P.R.S.,  D.Sc.     Crown  8vo,  Is.  net. 


CHEMICAL  STATICS  AND  DYNAMICS,  INCLUDING  THE 
THEOEIES  OF  CHEMICAL  CHANGE,  CATALYSIS,  AND 

EXPLOSIONS.  By  J.  W.  MBLLOR,  D.Sc.  (N.Z.),  B.Sc.  (Vict.). 
Crown  8vo,  7s.  6d. 


THE   PHASE   EULE  AND  ITS  APPLICATIONS.    By  alex. 

PINDLAY,  M.A.,  Ph.D.,  D.Sc,  Lecturer  and  Demonstrator  in  Chemistry, 
University  of  Birmingham.    With  134  Figures  in  the  Text.    Crown  Bvo,  5s. 


SPECTEOSCOPY.  By  B.  C.  C.  BALY,  F.I.C,  Lecturer  on  Spectroscopy 
and  Assistant  Professor  of  Chemistry,  University  College,  London.  With 
163  Illustrations.    Crown  8vo,  10s.  6d. 


THEEMOCHEMISTEY.  By  JULIUS  THOMSEN,  Emeritus  Professor  of 
Chemistry  in  the  University  of  Copenhagen.  Translated  by  KATHARINE 
A.  BURKE,  B.Sc  (Lond.),  Assistant  in  the  Department  of  Chemistry, 
University  College,  London.    Crown  8vo,  9s. 
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— continued. 

ELECTED -CHEMISTEY.  PAET  I.— GENEEAL  THEOEY. 
By  R.  A.  LEHFELDT,  D.Sc,  Professor  of  Physics  at  the  East  London 
Technical  College.  Including  a  Chapter  on  the  Relation  of  Chemical  Con- 
stitution to  Conductivity,  by  T.  S.  MOORE,  B.A.,  B.Sc,  Lecturer  in 
the  University  of  Birmingham.     Crown  8vo,  5s. 


ELECTEO  -  CHEMISTEY.  PAET  II.— APPLICATIONS  TO 
ELECTEOLYSIS,  PEIMAEY  AND  SECONDAEY  BAT- 
TEEIES,  ETC.    By  N.  T.  M.  WILSMORE,  D.Sc.    Crown  Bvo. 

[In  preparation. 


STEEEOCHEMISTEY.  By  a.  W.  STEWART,  D.Sc,  Carnegie  Research 
Fellow,  Lecturer  on  Stereochemistry  in  University  College,  London.  With 
87  Illustrations.    Crown  8vo,  10s.  6d. 


THE  THEOEY  OF  VALENCY.     By  J.  NEWTON  FRIEND,  Ph.D. 
(Wiirz),  M.Sc  (Birmingham).    Crown  8vo,  5s. 


EELATIONS  BETWEEN  CHEMICAL  CONSTITUTION  AND 
PHYSICAL  PEOPEETIES.  By  SAMUEL  SMILES,  D.Sc. 
Crown  8vo.  [In  preparation. 


THEEMODYNAMICS.    By  F.  G.  DONNAN,  M.A.,  Ph.D.    Crown  8vo. 

[In  preparation. 


ACTINOCHEMISTEY.     By  C.  E.  K.  MEES,  D.Sc,  and  S.  B.  SHEP- 
PARD,  D.Sc.    Crown  8vo.  [In  prepaa-ation. 


PEACTICAL  SPECTEOGEAPHIC  ANALYSIS.  By  J.  H.  POLLOK, 
D.Sc.    Crown  8vo.  [In  preparation. 
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MONOGRAPHS  ON  BIOCHEMISTRY. 


Edited  by  E.  H.  ADERS  PLIMMER,  D.Sc,  and  F.  GOWLAND  HOPKINS, 

D.Sc,  F.R.S. 


In  these  volumes  an  attempt  is  being  made  to  make  the  subject  of  Bio- 
chemistry more  accessible  by  issuing  a  series  of  monographs  upon  the  various 
chapters  of  the  subject,  each  independent  of  and  yet  dependent  upon  the  others, 
so  that  from  time  to  time,  as  new  material  and  the  demand  therefor  necessitate, 
a  new  edition  of  each  monograph  can  be  issued  without  reissuing  the  whole 
series.  The  expenses  of  publication  and  the  expense  to  the  purchaser  will  thus  be 
diminished,  and  by  a  moderate  outlay  it  will  be  possible  to  obtain  a  full  account 
of  any  particular  subject  as  nearly  current  as  possible. 


THE  DEVELOPMENT  AND  PEESENT  POSITION  OF  BIO- 
LOGICAL CHEMISTEY.  By  F.  GOWLAND  HOPKINS,  M.A., 
M.B.,  D.Sc,  F.R.S.  [In  preparation. 

THE  NATUKE  OF  ENZYME  ACTION.  By  w.  M.  bayliss, 
D.Sc,  F.R.S,    3s.  net. 

THE    CHEMICAL    CONSTITUTION    OF   THE  PEOTEINS. 

By  R.  H.  ADERS  PLIMMER,  D.Sc  In  2  Parts.  Part  1,  3s.  net ; 
Part  2,  2s.  6d.  net. 

THE  GENEEAL  CHAEACTEES  OF  THE  PEOTEINS.  ByS.B. 
SCHRYVER,  D.Sc,  Ph.D.    2s.  6d.  net. 

THE  VEGETABLE  PEOTEINS.  By  THOMAS  B.  OSBORNE,  Ph.D. 
3s.  6d.  net. 

THE  POLYSACCHAEIDES.     By  ARTHUR  R.  ling,  F.I.G. 


GLUCOSE    AND    THE    GLUCOSIDES.     By  E.  frankland 


Royal  8vo. 


[In  preparation. 


ARMSTRONG,  D.Sc,  Ph.D. 


[In  preparation. 


THE  FATS.     By  J.  B.  LEATHES,  D.Sc. 


[In  preparation. 


COLLOIDS.    By  W.  B.  HARDY,  M.A.,  F.R.S. 


[In  preparation. 
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